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Particles and Fields — 
Ionosphere 

SMS Urglou 

BKKZT 0MDWATICH8 Of THE OLIMVIOUT UMLQW WJURfl 
mnnsc WUICBT 

*, p. Cabala and t. D. Paldaan (Fhyalca Daportmant, 

Jshni Bepklna Ool vanity, Baltina ra, Karylaad 21218 
Tha nitric ndli Tf- ud {-bands, Oil MHO, 01 1X1336 
and 1301 linaa, and »i LIB and Oj Bariberg band nlialooa 
war* oburvad darlm «oraln* tvilllht bncvien 90 and 
346 ba on 24 Saptudiir 1919 with tan mckat-borna 
■canting nenochroutori flawing auoceiilvaly at 03 and 
90* to tha aanlth naaz tha aun-aarth-roohat plana. Iba 
aalar tanlth anila hi 110*. Tha raUtlva lataoaUiaa 
of Uia tin Bltda arid* band ayataaa mitaata that tha 
obaanad aaiaaltm l| prinarily dua to raaonaaca 
flnonacaaea tlml tha a unlit portion of tha tacfcat 
llne-oE-al|ht , with tha chanllimlnaacanca contribution 
yraaclp rtdncad fron that obaarvad during eraolng 
tvilllht, Tha datultlaa at 100 fca dcrlpad Iron tha 
abaarnd cnlaalen ratal am 4 a 10 s ca~* hr *> <"* 

S a 10* car 1 Cot M*B), conaiatant with meant odd 
aitnpaa nodaU which ptadlsc a much gnatar oighttlaa 
dacnaaa of H(*g) than of HQ. Iba atonic and tonic 
oxyian aaiaaioni am andallad In a aalf-cnnaiatani nay 
baud on diroct phoiotoalaatlaa and pboualaccros lapact 
lonliatlon. Tha atoala oxygra daulty naat 100 fen la 
dartvad fro* Oj Baxibarg 1 band adulon obaanad naar 
tha and of tha Ill|ht. (UltTnvioUt, airflow, tullliht). 

J. Ctophyi. Raa., 4, Fipar 4A09Z6 

UU Pfenwle piccipUafioa 

Dim HAL variation of burst precipitation effects on 
SVHHWOSPIIEI tlC VLF/IF SIGNAL PTOWOATION NEAR L-2 
T. B LafMT, U. S Ilia, D. L. CupeaUi. bL L. Ifebpl (Spin. 
TritnnnWiUoai ud RidU*luca Ubmlaap. Si u It id Uitwilij, 
Slatferi. CaUwali OHM) 

Pint ptfrlpliaUoa ilnli oa Hbigaupbtifa VLF/LF ilfail pupuallaa 
ait mdbd ailag data nwded at Fatnii SliUn, Aalaiclka [L— 2.4) het- 
*N 1 Lfaiik 3 aad kfti 7. IMS. Rtlalndy ihnpl ilgiil uapUad, rtU|s, 
feint h -Tflmpr dctii. ■iiaobtiiard la roaliaiUoi vllb ut|«tuapfettlc 
■febUan. *fekl )H kfimd la lidau iktUca piKlplUlka ItU la Uia 
chhi nfeuitd tHimioa u lb* lOOO fen ilWidf kiH. Gulin hdlip ibai 
Tllnpi ifKla mi peJonlaialtr oafe alglMlaa bocapbnk rceu&toai 
HicHibnd by nnpulii lit ■•liliHUUi latailaalu punka vlib pti- 
laiVulH tulrliy oa Ibu* VLF/LF ilgasl pilbibi nbkb ifce ■rnnUKulagi 
■u|« fna ai|k«k uni M *ai &nn attr baii ta onu oa IN cl iba 
obvnni a|f b la. Slgail pubi uklaf lupr ufka with |fei In alula «t 
«*d to Mtn Ibu nett mala uaiuiid bf kaupbufa iku ocnulag 
wiiUa 1.000 trawl Nnti SlUloe. Savtnww, nbuntd ihti waibe 
mu lit thacnlaf ilanaa. ipputariy dat la pmifMUiai I* dub K|koi u 
hi u -1.80Q In may. Obatutd dlfufiH* bttaMa im dlfniu palba 
la il» oKaiitaic of tkh puinunw rafUiaUlti of TrirapI cinia nunl 
■bat lit Tibapl tint aclirhj law dawm brim 1 — 2 Tbla n« ba daa 
M a itdmlea la nkkiha Kiltlij aad/at Imu pink It kUUiHi tfliibity. 
Tbt »<ui|t feotilj octautin nit «f NS1 ntau aa iba || amt min 
■>ttM ilidlrd lititatd ben Haiti lo aru oidil|bl aid Ibta inaalud U 
a miMf ceutaM kid aaiil ituttt. tka hhwi el Iba wbhibi iate ud 
tf abbibi puk ktalkai ea Tibapl tfuta k rinil) lapoilul. nd inpiiita 
laiilti riadl- (Paiink guciplialka, vlWkn. kaoapbaric (IkU) 

J. Cfophya. Raa. ■ A, Pi par 4AHI59 . 

8560 f article FracIpUaLloo 
HvmoLOfir of ihe polar raik 

H. S. GuiHidWM (Jpact Phyilci Dlvlalon, Air Force 
GMPkylfci LbboriUry, Hlnicaa AFR, HA 01731), D. A. 
Hardy, R. HatacNm ud R, K. Sort hard L 

Raaults Of a Mill ideal Hwjy of tha occvrrmt 
and charactarlatlc* of tha polar rain I hlnolnohia and 
URMIA'. W14) ara reported. PrKlBtiaH^altttroii 
diU Id tha adwfy. raaoa froa « ii to 20 ta» fraa the 
SSJ/3 HPfor on (N polar orRUIao 0HSP/F2 aatalllta 
war* oiap for tha Uudy. Intartali tf clear polar 
rain aara fdandflad In all ertlii la tha ano-ytir 1 n- 
Unat,.Sml«aar, 197? lo Au|uat, 1978, lb* ipoctra 
fron tha tutorial a ware blnaM la a tno-dlMu<pna1 
apadal a fray to vonayiedc laMUllo and Ngnatlc . 
local M»e, Separate array* vara oalntAtnod.ftr ,d1f- • 
™ farant lovali of najaetle acdrlly, vlluai of tM-i r , 


and leaiofl. The averaga spectra nera determined In 
tach bln, and vara used to calculate tha Integral 
flu* and averaga energy. Tan dlnens lonal naps or 
avaraga energy and Integral Hu* ehow si 91 1 Meant 
larga-tcala spatial variations that are roughly 
lyntrlc about an axle running pra-noon to pra- 
■tdnlght. integral fliu (awriga energy) decraaaas 
(Incraaiei) fron the day* Ida to the nlghtalde along 
this ails by a factor of almost IB (3). Thla basic 
variation was maintained In all separations by 
magnetic activity, soaaon, Intans liy of the polar 
rain and sector structure, although small rotations 
In oagnntlc local Una or tho symatry axis could be 
seen In same cisbi. The second mgst prominent vari- 
ation is ona that haa been noted previously ( Ttagar 
and Frank, 1976| Kmg and Kroaft] ; 1977); polar rain 
occurs praferantrlilljr ln -tha northam Isoutnaru) 
cap for way l toward) lf>F ftttsrs, In tha preferred 
cap the precipitation* U stronger in the morning. 
Approximately 70b of the ipectrj occurred for gz- 
nagatlve. Tho overall Intensity of tha polar rain 
Incrtasas and cools with Incroialng magnetic activity 
Tha occurrence of pilar rein. fal Is. within a circular, 
region whose center Is offset toward pre-pldnlfihl 


and whose radius Increases with rjfinatlc activity. 

(Electron praclpltatlon, polar cap). .. 

3. Oaspbya. Baa., A, Paper AUltt • 

3313 Plana aallaa, uafKlln, or etraalatlep ' *■ - 

L-tIRIIDEH COBVSCTICB PATTCTRS DiffllM JHRTHBpBB .111F 
■n A. Potion (John* Bepkina Dplvakally, -Applied Tbyulca 
Labetatary, Lauial, KaryiiH', 20102) , L. J. ZSaattl, 

P. r. ly throw, A. T. T. Lai ood T, Iljlha 
Obaarvatieov ot Altbalaod abrranba, Alactric field*, 
tod auroral lama la the day aide polar ngiaaa during 
parlada of aorttnrd Intarplanatiry aagaatlo flald (IH7) 
can ba ualfiad ta fit Into eaaiiauat eanoetion pat- 
ta raa ordamd prlaoipa 1 ly by tha IMF ij aeaponao t . 
Curing parlada of waak INF B_, »o polar envaotlea 
otlia ara ayaaatrlcally locatu on either ilda of tha 
aouo-aldnlght Mrldlaa, produalog onward aonvaoblon 
ovar tha polo, aa pravloualy rapartad, Aa tha IBP B_ 
hatMat aignlfluotly poll tin (aagatlva), tha daub 
(diik) eotnactim call axpasda aeroia tha oertham polar 
cap, uharaaa tba other call ahrlnki. la the aouthara 
polar cap, It la tba. duafe (dawn) coll vhiah aapaada. 
During strong 8 y , thla call aopaaalm gina tha 
appaaranca of a alagla ceavactlou call la tha polar 
raaioa. At tha "collapaad" call, a large convict ira 
flaw gradlaat la davalopad wham rare rial ef tba HPZ 
Blifcalaad currant ay a tan, anbl-nnuard polar laaoipharla 
currant, and tha wit latama polar cap alastris flalda 
art itatlitlcally obaarvad, Ba an 1 gait that thla 
aoovactlaa gradlaat ragloa la alto aaaeelatad with ano- 
allgud area and tha traaapalar am of tha theta aurora, 
which ata abiarvad in Oa polar rag loua during northward 
INF, Tha uBVKtloB patlami propoaad ham ara ooaaia- 
taat with tba aatl-pamllai Barging aodal In ahleh tha 
IHP aargaa with tba span taeaagnatle flald linaa la tha 
Uil lob* daring northward IMF interval!, Tha resulting 
conviction la the tall brlaga plain froa tha plaaaa 
■Rut ta tha tall. Thla procaaa divldaa tba opaa field 
llaai of Uia Icbaa and product, an Area of cloiad flald 
llaaa In Uta polar oap aaiaclatad with tha transpolar 
arc «( tha that* aatora, 

J. Caophya. Baa,, A, Paper AA8117 

3563 Plaan motlm, Cortvaatioa, or Girculaflan 
THE WOBTAIKE 0T VWTICAL I OH CUBRSHTB 0B THE BIGHT- 
TTHE ICKIUTT0B IB TBS EQUATOR UL KLECTWJtT 
g. Bagbavarao (F by a I cal laaaarch Laboratory, Ahndabad, 
India,. 3M 009), t. Hrldharaa and.t. Buhaalnt, 

The aguatarial alactxojM raglan plain datalty at 
U0 bn lacmaaa by a factor of 1 to IQ froa the tin 
- of •uaoae to nlfelght. In addition a valley In tba 
plaaaa danalty cantarad arsnd 120 ka altltoda deepens 
by a factor of 2 b> 3 daring tba aaaa parted- Theca, 

,ao far onaxplalnad faatcraa ara explained on tba bail* 
of tba dyoaaieal pra tea a aa peculiar to tba elaetrojat 
mglop. By aolvlag the tin dependent eoatloulty 
cgoatlen for tha aoWt doa Inapt loo via. R 0 *’ tba ioport- 
aoca of tha vmttlnal traoeport of lonlaatln haa bean 
RtMght out. Tha production of ionisation dua to aoa- 
Uamd nr radiation though play* the role of •aistnl*)-. 

• An *h* hpalo Ionisation laml, It la. tba virtually ' . . 


TRAVEL GRANTS TO 
IASPEI REGIONAL ASSEMBLY 
HYDERABAD, INDIA 

Deadline for Applications 
August 31, 1M4 
AGU has applied tor grant funds to 
assist the travel of Indlvicfual l U-5. 
scientists to the IASPEI Reg 1 
Assembly to be held In Hydera « 
India. October 31 -Nowmbor 7, 
1984. In anticipation of receipt oTini, 
funding, applicallon forms torirwi 

vlduai grants are available from. 

American Geophysical Union 
2000 Florida Avenue, N-W. 
Washington, D.C. 20009 
(Telephone: 482-6903 
or toll tree: B0°/424-2«8 

outside the Washington D.C. are i 


and anhancaa tba danalty at WO ta* [b* "T 

danalty la ahoun to ba fomad «t j ^ «*,»**■ 

deal ion valcdey aaxinlaaa. Im« „ M ), 
alactric li.lda, radi.tribntion of lo»«“ 

J. Oaophyi. Raa., A, Papw 4AA037 


3370 Total a Lac Cron CCOtajt^ ^ynol 
EAST-VEST PLASMA BlSHILgmMUIJ^TY * WU** 1 

FKM BIACID VHF POLARIHETmi ^CB 

SHEAS IS THE ZONAL F-REOION MU 
M. A. Abdu (Inatituto da '■•f}”' ! I«f> • ® 
Coacalbo Hacional da CaW». 

oo log Lea - cm, 12200 *,^*3^1. 

BrciLL) , T. J. Eantor, 1. *• *“**“ to m^ lW - 
VHF electronic paliriiWW 
Farady rotarloo angla and •f ,ll f^ 1 iLu 4 Scat»lJ 
aatalllta (COE 8- 3) ba.coa "lgO»l*- 
two station,, Caoboaira : F«lli ^JcoU'W, h 

Bio Jam do. Cn*o. (23»12S, J J^gaUm ^ 

1 10km a»cdF ch * a few . 

Branll. Tha analyala a£ , pipl r, Ceui 

1961-62 period, carrUd •**.■ W _*!!; gSpTaF"* 4 fbaS ' 
fluetuarLoai corral, ted ' 

in tha local lanograaa and ampliw UiaeKf 1 *!--* . 

tha aatalllta ,baacoo J^II.oeUW 4 ,tr ^7 

thuualvsc aa wlaana babblaa poUt»*‘ 

in tha aquatprlal ' 

ayattB haa permit tad ^^^f^cr^aLroowr*" 
valoclciaa of chela P]**"^*^ ?St rid* , 

nighttime pattern la In •*»“* J fcy •' 

of tha leiCward bulk P 1 * - * itre^'f^L^atl .' 

• ad.wlth the., of tba pla»J tical-riSS- ' 

obtained from dllf-Taat rtdlo,*®* ^ ; 1 

carried out ip the dLff*^ , 'JSuir' ’ 

Thara aglet, houawar, d (f far»d‘ SSat . 


- sssis ; 


Thara aglet, J l f“*- f }^Sha dW * 1 ? 41 SIS** 
maRnltoda el tha vu locltJ« ' ' * 

nanta. Mir ranuIW A - to****Sgilaa 

; value i Of all. g lafltoaWalJJ^^ , 

augsMtlni thp caoa'L'“" c JJ 1 

■■ &sus 

' * ValaaLtUa) .... ;■ ;* , • : . j 

• Radi .Bal; lr SiP«* «WH.' t A.f-? ;yS •jK'-b'i.r. •‘t'ft 



The United Slates Geological Survey 
(USGS), with support from the Geothermal 
and Hydropower Technologies Division of 
the U.S. Depariment of Energy, will be con- 
ducting an active seismic experiment in cen- 
tral Oregon using nine large explosions dur- 
ing the last week of August 1984. A major 
goal of this experiment is to detect kilometer- 
size magma chambers in the upper crust be- 
low Newberry Volcano (Figure I). The 
planned experiment is a small-scale version of 
one type of seismic-imaging experiment pro- 
posed by the Program for Array Seismic 
Studies of the Continental Lithosphere 
(PASSCL). Because of the required density of 
ihe recording array, the USGS recording ef- 
fort will be concentrated in and around the 
summit caldera and leave ample opportunity 
for additional recording of the large shots, by 
interested parlies, to study the rest of the vol- 
cano and surrounding geologic provinces. 

Newberry Volcano is situated in central Or- 
egon 50 km east of the High Cascade Range 
axis at the intersection of several major geo- 
logic provinces (Figure 1). Rhyolites of New- 
berry Volcano are the northwestern, young 
end members of a westward progression of 
rhyolitic volcanism which has occurred in 
soulh-central Oregon during the past 10 m.y. 
MacLeod and Sammel (Calif. Geol.. 3?, 235- 
244, 1982) presented an excellent description 
of ihe geology of Newberry Volcano, from 
which the following brief description is ab- 
stracted. The volcano is a broad shield, about 
I km high and covering an area of 1 ,200 
km*. The Ranks are veneered by hundreds of 
baialt and basaltic-andesite flows and cinder 
cones with carbon 14 ages as young as 5,800 
years. A caldera. 6-8 km in diameter, is pre- 
sent at the summit; the recent volcanism in- 
side this caldera, in contrast to the mafic vol- 
canism on the flanks, i9 predominantly rhyo- 
litic. The most recent rhyolitic volcanism 
occurred 1,350 years ago. The occurrence of 
young silicic volcanism and hot springs in the 
summit caldeia makes Newberry Volcano a 
prime target for geothermal exploiution. 
Drilling within the caldera has been conduct- 
ed by the USGS and Sandia National Labora- 
tories. Similar temperature profiles were de- 
termined in baih holes, and a temperature of 
265*0 was measured at the bottom of the 
USGS hole ai a depth of 932 m (MacLeod 
and Sammel, Calif. Geol., 35. 235-244. 1982). 
This high temperature and the occurence of 
young silicic volcanism suggest the existence 
or magma chambers within the shallow crust 
below the summit of the volcano. 

Several seismic experiments have been con- 
ducted by the USGS in the vicinity of New- 
berry Volcano, including a teleseismic P re- 
sidual study of the volcano, and two seismic- 
refraction lines. The teleseismic P residual 
study detected a column of high P velocity 
material, about 15 km in diameter, extending 
from within 10 km of the surface to 25 km 
depth beneath the summit, which is interpret- 
ed to result from numerous subsolidus mafic 
intrusions. One of the seismic- re fraction lines 
runs along the margin of the High Cascade 
and Western Cascade provinces (Figure I) 



, Fig. /. Oregon, showing physiograph- 
ic provinces (Baldwin, Geology of Oregon, 
147 pp., 1976), major Cascade Range vol- 
canos, including Newberry Volcano (trian- 
gles), existing USGS refraction lines 
(heavy-dashed lines), and planned shots 
(stars). 
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and the results have been published by Leav- 
er, Mooney, and Kohler (J. Geophys. Res., 89. 
3121-3134. May 1984). The other seismic-re- 
fraction line which runs east-west through 
Newberry Volcano (Figure I) was shot in fall 
1983 as preliminary work for the current 
USGS experiment. A station spacing of 0.5 
km and a shotpoint spacing of 15.0 km were 
used to allow concentration or a detailed seis- 
mic-velocity cross section of the volcano. In- 
terpretation of this refraction line is in pro- 
gress. 

The upcoming USGS experiment is similar 
to that performetl at Le Mont-Dore Volcano, 
France, by Nercessiou, Hirn, and Tarantola 
(Geophys. f. R. Ashvn. Soc„ 76, 307-315, 

1984). P waves, generated by explosions dis- 
tant from the volcano and reflected or re- 
fracted back toward the surface by the crustal 
velocity structure, will be used to illuminate, 
from below, the summit region of Newberry 
Volcano from many azimuLtis. The receiving 
array will consist of 120 portable analog re- 
corders normally used in USGS refraction 
work and will cover a region, about 12 km in 
diameter, centered on the summit caldera, 
with an average station spacing of 1 km. Tra- 
veliimc residuals will be inverted to obtain a 
three-dimensional P velocity model to a 
depth of about 5 km. with a spatial resolution 
of about l km. The distances from the array 
to the shot points were selected, after partial 
analysis of the detailed east-west refraction 
line through Newberry Volcano, to use two 
coherent impulsive and liigh-ampliuide 
phases. Figure 2 illustrates ray paths for these 
two phases. Nine shot points arc located at 
these two distances with as uniform an azi- 
muthal distribution as possible (Figure 1 ). 
Here, 2,700 kg of explosives will be deiunm- 
ed below the surface at each shot point at 
scheduled limes divided between two nights. 

Because of the large number and sizes of 
the planned shots, many opportunities exist 
for recording reversed and unreversed re- 
fraction profiles (which will nut be covered by 
the USGS) on Newberry Volcano and in the 
adjacent provinces, including the High Cas- 
cade Range, the Basin and Range, and the 
High Lava plains. Persons interested in utiliz- 
ing these planned slims for such experiments 
should contact the author u» obtain more in- 
formation about the shuts, the exact schedule, 
and possible com dilution with oiltct interest- 
ed parties. 

77i« news item was contributed by Douglas 
Stauber of the US. Genfagiml *unvx in Menlo 
Park. Cull}. 


Berkner Memberships 

Free Memberships for Scientists in Areas 
of Developing Geophysics 

Free membership For three years is being offered to scientists who have 
little or no access to AGU publications. Applicants may not be current 
members of AGU and must be at institutions where there is no more 
than one AGU member. 

This program is a living memorial lo Lloyd Berkner, whose devotion to 
the encouragement of young scientists and stimulation of international 
activities will long be remembered. 

AGU members are encouraged to send names and addresses of such 
Individuals to AGU so that applications and details can be Forwarded. 
Applications and further details are available from: 

Member Programs Department 
American Geophysical Union 
2000 Florida Avenue, N.W. 

Washington, D. C. 20009 
U.S.A. 

Coll 800/424-2488 toll free in the U.S. 
or use Western Union Telex 710-822-9300. 


CLAWS: Classify. Locate. Avoid Wind Shear. 
The operational' program aims to develop 
procedures for using the in format inn that 
Doppler radars can provide, establish the va- 
lidity of inicrubursi forecast techniques, anil 
provide ail plane pilots with the necessary 
real-time in format ion. 

CLAWS is the "natural consequence of the 
Joint Airport Wemhei Studies (JAWS) field 
research dun took place at Siapleiun during 
i lie summer of 1982 and our analysis of those 
findings," said McCarthy, who also directed 
JAWS. “Ii is vital for us to U»i uur uliinuite 
abilin to transfer this in formation to the air 
irallic controllers who will, in mm. advise the 
pilots." 

JAWS was designed by the National Center 
for Atmospheric Research (NCAK) and the 
University nf Chicago. 


TT • u Bullard Fellowship 

Upcoming Hearings 


•fig. 2. East-west cross section through . 
Newberry Volcano, showing ray paths for 
two phases to bb Used in the USGS experi- 


ment • ■. 


In Congress 

The following markup and conference 
committee have been tentatively scheduled by 
the Senate and House of Representatives. 

Diites and times should be verified with die 
committee or subcommittee holding the _ 
markup or conference; all offices on Capitol 
Hill may be reached by telephoning 202-224- 
3121. For guidelines on contacting a member 
of Congress, see AGU's Guide to Legislative In- 
fomation aud Contacts (Eos, April 17, 1984, p. 

159)- 

August 7: Mark up legislation that would 
require federal Coastal Zone Management 
plans to be consistent with state management 
plans (H.R. 4589) by the House Merchant 
Marine and Fisheries Committee. Longworth 
Building, Room 1334, 10 A.M. 

August 8: Conference on ocean and coast- 
al resources block giants for fisheries pro- 
grams and deep seabed minerals resources 
programs (S. 2463). Capitol Building, Room 
S205, time to be announced. (Note new 
date .) — BTR 

Wind Shear Test 

Techniques for forecasting and detecting a 
type of wind shear called microbursts are be- 
ing tested this month in an operational pro- 
gram at Denver’s Stapleton International Air- 
port as part of an effort to reduce hazards to 
airplanes and passengers. 

Wind shear, which can be spawned by con- 
vective storms, can occur as a microburat. 
These downbursts of epol air are usually rec- 
ognizable as a visible rain shaft beneath a 
thundercloud. Sometimes, however, the rain 
shaft evaporates before reaching the ground, 
leaving the downdraft invisible. Although 
thunderstorms are traditionally avoided by 
airplane pilots, these invisible downdrafts also 
harbor hazards In whqt usually appear to be 
‘ safe skies. When the downdraft reaches the 
earth's surface, die downdraft spreads out 
horizontally, much like a stream or water 
gushing from a garden hose on a concrete 
Preface, explained John. McCarthy, direc 
qf the operational program. Airplane^ran^ 
encounter; trouble when the downdraft from 
‘ the microburst causes sudden shifts m wtad 
direction, wftit* may reduce lift on Win* 
an especially dangerbus situBUon during take 

0f The teat ai.^pleton. fonded by ihe Feder. 
aL Aviation Administration i. is, dubbed,^ / 


A research fellowship honoring ihe laic Sis 
Edward Bullard has been established in his 
name at Churchill College in Cambridge, En- 
fflaud- . 

Bullard received the AGU Maurice Ewing 
Medal in 1978 and the AGU Bowie Medal in 
1975. His work was most recemly described 
in Eos by Elizabeih N. Slior (Eos, February 28, 
1984, p. 73). Bullard died April 3, 1980. 

AGU members who would like to contrib- 
ute to the fellowship are invited to do so 
through the American Friends of Cambridge 
University. P.O. Box 7070, Arlington, YA 
22207. Please be sure to clearly identify all 
gifts as a contribution to the Bullard Re- 
search Fellowship. AFCU is a registered non- 
profit, charitable organization; contributions 
are deductible for U.S. tax purposes. 

Milky Way Gas 

An enormous arc of hot gas proLmding 
from the center of our galaxy lias been dis- 
covered by astronomers near the center of 
the Milky Way. The existence or the arc 
could mean that stars are not being formed 
there at the high rate previously assumed. 

This assumption had been made because of 
the intense radio emissions rising there. 

Discovered using die National Radio As- 
tronomy Observatory's Very Large Array 
(VLA) in New Mexico, the structure resem- 
bles a solar prominence, which is a great 
streamer or column of glowing gas that often 
rises to great heights at enormous vclociiics 
about the sun's surface. The arq is 150 light 
years long and 30.000 light years from the 

^“Arming the unique characteristics of this 
unparalleled structure is its coherent organi- 
zation on such a large scale, suggesting Uifu 
its presence is linked to the structure or our 
galaxy," according to astronomer Mark Mor- 
ris of the University of California at Los An- 
geles. Also all the research team making Ihe 
discovery are Farhad Yusef-Zadali and Don 
Chance, both from Columbia University- 
; "The evidence now available, especially the 
detailed shape of the structure, implies Ural 
the arc of liot ionized gas Is controlled by a 
magnetic field," Morris added. "While our , 
galaxy has been known for gome ume to. con- 
tain a magnetic field, this la the first indict- , 
tion of the existence of 4 substantial pololdal 
magnetic fidd. a field akin to (he dipole field 

of ? simple baf magnet.” / . , 

; v ^ )Di pole. .magnetic fields are preKnl m tlie 


earth, the suit, and other stars, and in some 
planets of the solar system. Such fields arc 
theoretically understood in terms of a dyna- 
mo mcrhanhin that generates them in a man- 
ner related to the way in which commercial 
electricity is generated by electric dynamos, if 
i lie analysis holds. Morris said, live new dis- 
covery may be revealing the existence of a ga- 
lactic dynamo. 

“The importance of understanding the ac- 
tivity in our galactic nucleus lies in what ii 
may imply ahout the much more intense ac- 
tivity seen in the nuclei ul radio galaxies, qua- 
sars, and other varieties ol active galaxies." 
the astronomer said. 

Geophysicists 

Otis B. Brau-n has been appointed .it ting 
cluii mail oi ihe division of inetei -lologv and 
physical oceanography .it the Univcrrsiij >>l 
Miami's Rosensiicl School of Marine awl At- 
mospheric Science. Blown succeeds Friedrich 
Schott, who was chairman since 1979. 

Mark Carle and Christopher GJi. Harrison 
ul the Rosensiicl School of Marine and Atmo- 
spheric Science were commended recent h bv 
the National Aeronaut its and Si»ace Adminis- 
tration (NASA) for scientific use of scientific 
data. Each has studied the magnetic field 
over the ocean basins with data collected b\ 
the MAGS AT satellite. The commendation 
was presented by Gilbert Ousley, leader of ihe 
NASA team responsible for the design, con- 
struction, and operation of MAGS A I". 

Moustafa T. Chahine has been appointed as 
Chief Scientist of the Jet Propulsion Labora- 
tory (I PL). He succeeds Arden Albee , who will 
return at ihe end or August to his faculty po- 
sition in the Division of Geological and Plane- 
tary Sciences at the California Institute of 
Technology. Chahine joined JPL in I960 as a 
senior scientist specializing in atmospheric 
studies. He is currently manager of J PL’s 
Earth and Space Sciences Division. 

William S. Goirter, founder and dean of 
the College of Marine Studies at the Universi- 
ty of Delaware, was selected as Drexel Uni- 
versity's next president at the university’s 
board of Lrustees meeting in May. 


To Vo Today I 

Call AGU H 

at 800-424-2488 S 

. order books/ioumals ■ 

. Request membership ■ 

applications ■ 

. Resistor lor meeting ■ 

. Place udverlisetnenls 1 

in. Eos. ■ ■■■ \ 

l >:Chan^^ s ' ^ 


: V^:l •: X A' :£ k" .t;' ^ 





LOS August 7, 1UK-4 


i'i ' -\U\ 


: i 

■i! ■ 


i iv ; ■ 


'•■I 1 

; '' 7 •'■'■I 

. *i • * 1 ! i ■ 

- . , • i ; 

, I’- . 

;• •: I 

i'M 
I .'»/ 
• m . ■ f 


i! 


. : .• 1 . i 


: := ■. i 

I ! 

* I • 1 1 ■ 


. * •' ! i < 
! - .. ; 

"i • ■ > j 




ri • • • 






■ . '• 1 :i 

I 'lV - I •• 


II. MX. (VlAflKMHR I'Rir.lRIMI 1« AiTMt, IMTi 

Edtlon David A. U ranks. Depart mem nf Ocean- 
ography, Texas A&M UniiTrsity, College .Station, 

TX 77H43 (telephone: 4IW-H 154527). 

New Directions 
For The National 
Ocean Service 

Paul At. Wolff 

The National Ocean Service, which I've 
headed since Detent Iter 1083, is- one of the 
major line component of the National Oce- 
anic and Atmospheric Administration 
(NOAA). NOAA, in turn, is pan or the De- 
partment til Commerce and is the leading 
federal agency in (lie ocean ir and atmospher- 
ic sciences. Ollier agencies are involved in the 
earth sciences, such as the l)c|Mrtmeni oi die 
I n tenor's Ceological Survey, or arc in the 
business nf environ mental regulations, like 
the U. S. fcnvi run menial Protection Agency, 
but NOAA is the one federal agency charged 
specifically with analyzing and predicting oce- 
anic and atmospheric components of the 
earth's environ men t as a whole. The impor- 
tance of this global, integrated air-sea ap- 

1 m inch is rolled cd in the five NOAA line of* 
ices. 

This |kisi December, NOAA line offices 
were rcurg.it tired m consolidate programs as 
part or llie Reagan Administration's general 
government- wide hell Lightening (sec figure 
1). The idea was fur NOAA to grow leaner 
but stronger. The main ill rust of the work of 
the Weather Service and the Marine Fisheries 
Service remained the same. The Office of 
Oceanic and Atmospheric Research contin- 
ued to provide research support tu die other 
NOAA components. A trimmed down Envi- 
ionmentai Data am) Information Service 
merged with the National Environmental Sat- 
ellite Service to become today's National Envi- 
ron mental Satellite, Data, and Information 
Service. Also, this past December the NOAA 
Office of Coastal Zone Management joined 
forces with the National Ocean Survey to be- 
come the National Orean Service. 

This change from Ocean Survey to Ocean 
Service was more than just a name change; it 
gives a due to other changes and new direc- 
tions for NOAA in general and the National 
Ocean Service in particular. What is being 
done throughout the NOAA team is to em- 
phasize "service,” to make NOAA products 
and services more responsive to the needs of 
users. Right now, the National Ocean Service 
and other NOAA components are re-evaluat- 
ing many traditional products and services 
and ace taking on some new responsibilities 
that build on existing NOAA capabilities and 
expertise. 

Today's National Ocean Service is made up 
of four line offices (hat carry oul its major 
functions: charting and geodetic services, 
oceanography and marine services, ocean and 
coastal resource management, and marine 
operations. (Since this article was written, the 
National Ocean Sdvice has further realigned 
its programs to improve products ami serv- 
ices by creating u new line office solely re- 
sponsible for orean services and external af- 
fairs.) (Sec Figure 2.) 

The Office of Charting and Geodetic Serv- 
ices produces NOAAVs nautical and aeronau- 
tical charts, special purpose marine maps, 
and geodetic products and services. This is 
the heart of the Ocean Service's predecessor 
agencies, since the agency was founded in 
IKD7 during the ari ministration of Thomas 
Jefferson in survey ami chart the Atlantic 


coastal waters of the new republic. Working 
closely with other NOAA and Ocean Service- 
offices, the Olficc c»f Charting and Geodetic 
Services will have a lead rule in surveying die 
2U0-tnile Exclusive Economic Zone (EEZ) that 
President Reagan declared in March of 1983. 
The EEZ Proclamation "confirms U S. sover- 
eign rights and control over the living and 
non-living natural resources of the seabed, 
subsoil and superadjacent waters beyond the 
territorial sea but within 200 nautical miles.' 
National Ocean Service responsibilities will 
include in-depth and comprehensive physical, 
biological, and chemical assessments. This is a 
massive job that will change many of the ways 
NOAA surveys and makes observations. In 
addition to the hydrographic surveys NOAA 
conducts by ship, it will be necessary to great- 
ly increase the use of both fixed and Boating 
platforms, including those designed specifi- 
cally for ocean observations and commercial 
platforms intended for other purposes, such 
as oil and gas exploration. The goal is to dou- 
ble the amount of marine observations in a 
year and to increase them 10 limes over the 
next 5 years. 

The blHce of Ocean and Coastal Resource 
Management is the part of NOAA (hat was 
added to the old National Ocean Survey to 
make the new National Ocean Service. 

Through this office, NOAA provides the co- 
ordination ami expertise aL the federal level 
needed to balance the alien competing de- 
mands to preserve and to develop the marine 
resources within the U.S. coastal zone. This 
office wurks closely with coastal states, and as 
these various states win approval for their 
coastal zone management plans and develop 
their own coastal programs, involvement at 
the federal level will be phased out. 

The Office of Marine Operations is the 
Ocean Service component that manages and 
operates NOAA's fleet of research and survey 
ships, which collect basic marine data used by 
all the other NOAA components. Since ships 
and time at sea arc very expensive, this is one 
area in which NOAA is trying especially to 
improve productivity and efficiency. One way 
to achieve these goals is tu share ship time 
with mher federal and slate agencies, univer- 
sities. research organizations, and other 
groups and individuals in the private sector. 
This piggy-bucking of experiments and multi- 
ple-use cruises result in more economical use 
of NOAA ship lime, while at the same time 
improving die prutluciivilv of individual 
cruises. NOAA is also installing new equip- 
ment on the NOAA ships, including Global 
Positioning System receivers, SEAS transmit- 
ters to relay mcierological data directly to the 
Weather Service for processing, inulii-beam 
sensors, new CTD profilers, and perhaps 
most important, a new automated hydrogra- 
pic data acquisition and processing system 
called the Shipboard Data System (SDS) III. 
SDS 111 is replacing die mainstay hydro- 
graphic data acquisiuon and processing sys- 
tem of the NOAA Fleet, the Hydrolog/Hy- 
droplot System. Hydrolog/Hydroplol is based 
on the Digital Equipment Corporation's PDP- 
8/e computer, one of the earliest minicomput- 
ers. One of the biggest problems faced by 
NOAA in recent years was that the NOAA 
ships were able to collect much more data 
than could be processed expeditiously. This 
resulted in a huge data backlog that NOAA is 
now vigorously trying to reduce. The goal is 
to eliminate existing backlogs and establish 
systems to complete data processing end-io- 
end within 60 days of the time the data are 
received from ships or other sources. 

The Office of Oceanography and Marine 
Serivccs is one of the newest line elements of 
the National Ocean Service. Whereas today it 
is one of NOAA's busiest line offices, only a 
few years ago it was only a division of a line 
office. This expansion in NOAA oceano- 
graphic programs probably best reflects one 
of the new directions that line offices are 
moving in throughout NOAA. Through the 
Office of Oceanography and Marine Services, 
NOAA collects, processes, and analyzes a 
wide range or data and information that de- 
scribe the physical processes nf the oceans, 
the U.S. coastal zone, estuarine waterways, 
and die Great Lakes. But whereas the Ocean 
Service formerly collected these types of hy- 
drographic data primarily to support in- 
house charring and surveying functions, the 
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PROGRAM OBJECTIVES 

PROVIDE U8ER-ORIENTED OCEAN SERVICES 

MODERNIZE INSTRUMENTATION 

INCREASE COOPERATION WITHIN GOVERNMENT 
AND WITH THE PRIVATE SECTOR 

INCREASE EFFICIENCY OF VESSEL U8E 

ORGANIZE AND CONDUCT INTENSIVE SURVEYS 
OF THE EXCLUSIVE ECONOMIC ZONE 

DETERMINE BASELINE STATUS AND TRENDS OF 
OCEAN ENVIRONMENT 

Fig. 3. Program objectives. 


ACCOMPLISHMENTS BY END OF FY 1888 


• ESTABLISHED AND OPERATING NATIONAL OCEAN 
8ERVICE CENTER NETWORK AND SUPPORTING 
PROCESSING CENTERS 

• MODERNIZED AND EXPANDED OBSERVATION 
CAPABILITIES FOR NOAA FLEET 

• SIGNIFICANTLY INCREASED U8E OF NOAA FLEET 
WITH OTHER FEDERAL AGENCIES AND USERS 

• REPLACED OUTMODEO DATA ACQUISITION AND 
PROCESSING 8Y9TEM8 

• ELIMINATE DATA BACKLOQ8 AND ACHIEVED 
BO - B0 DAY PROCESSING AND AVAILABILITY 
TIME8 

Fig. 4. Accomplishments by end of fis- 
cal year 1986. 


engineering and coastal management uses of 
these observations have now become just as 
important. The National Ocean Service still 
produces tide predictions, tidal current pre- 
dictions. tidal current charts, and other tradi- 
tional data products that are primarily natiti- 
cal -chart related. But greater emphasis is now 
being placed on oceanographic and marine 
information products that provide the scien- 
tific basis for offshore oil and gas exploration, 
dredging operations, coastal and offshore 
construction, emergency planning programs 
of coastal communities, and other engineer- 
ing applications. There now is also an entire 
division within the Olficc of Oceanography 
and Marine Services to conduct assessments 
of the multiple uses of marine resources and 
project the impacts of these activities on die 
environment. A major goal here is to estab- 
lish baseline environmental conditions so that 
it is then possible to determine trends in the 
ocean environment. 

Another new, major NOAA program that 
plays a crucial role in improving NOAA's de- 
livery of oceanographic and marine products 
and services is the concept of regional NOAA 
ocean service centers. This past October 
NOAA opened the first of these centers in 
Seattle, Wash. This prototype center is the 
first in a proposed network of one-stop retail 
service centers, staffed by personnel from 
each NOAA component, where users of 
NOAA's oceanographic products and services 
in individual regions of the United Slates can 
go to get needed information that NOAA 
provides. The Northwest Ocean Service Cen- 
ter and the others planned by NOAA will be 
a place where users of NOAA products can 
go to tell representatives of each NOAA line 
office what is good about NOAA ocean prod- 
ucts and services, what is bad about them, 
what NOAA is doing right, and what NOAA 
is doing wrong. (See Figure 3.) 

The goal of all of this, from the upgrading 
of NOAA’s research and survey ships to the 
establishment of regional NOAA ocean ser- 
vice centers, is to provide products and serv- 
ices that better meet the needs of users, turn 
out these products and services more effi- 
ciently, and improve the turnaround lime for 
their delivery, the essence of the new direc- 
tions for NOAA and for the National Ocean 
Service. (Sec Figure 4.) 

Paul M. Wolff is Assistant Administrator, 
NOAA, Washington, D.C. This paper is a con- 
densed version of a presentation made at the Ocean 
Science luncheon at the 1984 AGU Shrine Meet- 
ing, May 16, 1984. . 
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Information Report 


Ocean Climate Research 

A recently published report. An Ocean Cli- 
mate Research Strategy [ Webster, 11184] reviews 
ocean research that will lead to or support an 
ability to predict year-to-year natural varia- 
tions in climate one season in advance. The 
study was supported by the National Science 
Foundation (NSF) and is intended to guide 
NSF in its lead role for ocean climate re- 
search. This article summarizes that study. As 
with the original report, I here give my per- 
sonal conclusions derived from the review. 
Copies of Ah Ocean Climate Research Strategy 
are available from the Board of Atmospheric 
Sciences and Climate, National Research 
Council, 2101 Co list i tut ion Avenue, Washing- 
ton, DC 20418. 

Summary 

Oceanographers and meteorologists have 
proposed research programs to enhance our 
understanding of climate variability [ Commit- 
tee on Climatic Changes and the Oceans, 1983a; 
Board on Ocean Science and Polity, 1989]. Pans 
of these programs are already under way. 


The report reviews proposals for two large- 
scale research programs: the Interannual 
Variability of the Tropical Ocean and the 


Global Atmosphere (TOGA) and the World 
Ocean Circulation Experiment (WOCE). In 
addition, it reviews plans for large-scale ocean 
heat Hux experiments, ocean climate moni- 
toring, and ocean climate research that are 
not explicitly included in the existing propos- 
als for large-scale experiments. The report 
offers advice on strategies for use by NSF. 

NSF is the lend federal agency for the 
Ocean Heat Transport and Storage "prind- 
pal thrust" of the National Climate ProgTara. 
The National Climate Program Plan [ U.S. 
National Climate Program Office, 1980] desig- 
nates six principal thrusts, two of which deal 
with research. A principal thrust has high 
priority, is of major importance to the goals 
of the plug ram. and promises significant op- 
portunity fur progress. The report consider! 
where ocean climate research supported by 
each agency might lit into the national pro- 
gram. 

Finally, die report considers the interna- 
tional selling. Many countries arc participat- 
ing in the planning of a gloltal research pro- 
gram that addresses all aspects of the prob- 
lem of climate: the World Climate Research 
Program (WCRP). The report reviews WCRP 
plans and advises on how American ocean cli- 
mate research activities cun fit within the 
world program, can aid ii, and can benefit 
from it. 

Role of the Ocean in Climate 
Variability 

What are the mechanisms, ff any. by which 
the ocean influences year-to-year variations m 
the earth's climate? Does the ocean play a 
role in producing climate anomalies, such ai 
droughts. Hoods, hem waves, ami abnormal 
frosts? If it does, c;ui we understand the pro- 
cesses whereby this occurs? Can we develop a 
capability for predicting climate changer 
We know tluu the occuu plays a major rote 
in determining the mean climate state of iw 
world. It is critical in controlling global pat- 
terns of precipitation and evaporation. 1 M 
ocean absorbs energy from the sun and re- 
leases energy to the atmosphere at times a 
places distant from the point where rite etw* 
gy was received. The seasonal temperature 
range is reduced over land areas aojacen 
the ocean because of the large heat meitt 
the ocean. . f l. 

The oceanic poleward flux of heat is o 
same order of magnitude as the atmosp ■ 
but the processes of oceanic transport are 
well understood. To understand the . 

mate state of the world, we must take ac ^j 
of the role of the ocean in establishing ■ 
maintaining the global heat balance, no 
er, the mean climate state of the • 

well understood. Unless oceanic vanabUty 
can be defined in terms of its departu 
some mean state, we may be unable w . 
plain the influence of the ocean on gt 
mate, .. .. 

Both ocean and atmosphere show 

variability on rime scales of months to ( [ y 
ries. The annual or seasonal cycle is g«l •. 
large, but the nonseasonal vanabtuty 
ceed the seasonal, particularly in sora _ t an j 
ic areas. Ocean heat, storage, transport, 
transfer to the atmqsphere are v f r,a _ -jjjpa]; 
may be that such variations are the P . hi i]j Vl 
oceanic factor controlling climate vs ! 4 : -' 

Thus an understanding of the.upja / f ' ; 
port, storage!, and release of heat y 
ocean may lead to an understanding rTri.' 
climate variations. ! . r without 

Models df the atmosdhere^^r*. . ■ 
a moving ocean show mat the.pcqa 
cnees the mean atmospheric - , 

mbution. The ; circulation of- 


pears tb.affcci dimate , Variability ^ T ^ 

^ih^ a reproposa;4 to 
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circulation anti the climate state of die ucean. 

Ocean heat transport ami storage processes 
have lifetimes that are long in com]turisun 
with dime of the atmosphere. Atmospheric 
predictability may be limited to week or two. 
But the chain of events in the Southern Oscil- 
lation, a global-scale atmospheric anil oceanic 
climate anomaly, has a duration of about 18 
months. Though the ocean and atmosphere 
interact, this long lime scale seems tu be dom- 
inated by the high thermal and mechanical 
inertia of the ocean. Thus, long-range climate 
forecasting probably must take ocean process- 
es into account. 

The largest nonseasonal climate variation is 
the interamiual, which may regionally be 
larger liiaii the annual or seasonal. Year-to- 
year variations in the earth's climate arc of 
great economic importance. Unusual rainfall, 
drought, or hem waves can have significant 
agricultural impacts. Oceanic thermal varia- 
tions related to climate variability can affect 
marine fisheries. Thus, there are economic 
incentives to develop a predictive ability. 

Climate variations having scales of approxi- 
mately a decade, with important economic ef- 
fects. are known to exist out arc less well doc- 
umented than those of annual time scale. 
There is evidence that the ocean plays a role 
in decadal climate variability, and some pro- 
posals for large-scale ocean experiments to 
understand decadal variability have been 
made. The consensus seems to be that to de- 
velop a predictive capability, research on in- 
teranmial climate phenomena should have 
lint priority. At this lime, no plans for ocean 
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studies explicitly directed to decadal climate 
scales have emerged in the World Climate 
Research Program. 

Long-period climate variability, having Lime 
scales between decades and centuries, is not 
well documented [Htr. hi. 1981]. The siudy of 
such pnenunic-na obviously requires a long- 
term commitment- The economic impact is 
uncertain. It is even unclear how to make use 
knowledge of long-term climatic variation if it 
were available. 

Interannual Variability of the Tropical 
Ocean and the Global Atmosphere 

The Southern Oscillation, a family of natu- 
rally occurring, interacting phenomena in the 
ocean and atmosphere that produces climate 
anomalies, provides an opportunity to carry 
out experiments in imcrannnal climate fore- 
casting and to develop a climate prediction 
capability. The phenomena that make up the 
Southern Oscillation (e.g., anomalies of sea- 
surface temperature, atmospheric pressure, 
precipitation, and temperature) are found in 
the tropical ocean and global atmosphere. In 
addition, some component processes of the 
Southern Oscillation, centered in the Pacific 
Ocean, may have analogues in the other trop- 
ical oceans. A study of these phenomena, 
their properties, their linkages, and their cli- 
mate consequences holds promise of provid- 
ing a predictive capability that far exceeds 
what can be achieved through atmospheric 
studies alone. 

The Southern Oscillation is a large-scale 
exchange of atmospheric mas9 in the atmo- 
sphere bet wen the eastern anti western hemi- 
spheres in the tropics. It can be detected in 
sea-level atmospheric pressure records as a 
see-saw of high pressure in the South Pacific 
Ocean and low pressure in the Indian Ocean 
alternating with the opposite conditions in 
the other phase of the cycle. It has a charac- 
teristic cycle length of a couple of years and 
may occur at 2- to 10-year intervals. It is the 
most obvious instance of interannual climate 
variability. 

Associated with the Southern Oscillation 
are sea-surface temperature anomalies in the 
Pacific. Indian, and Atlantic oceans. Changes 
in the equatorial current system and the heat 
comem of the Pacific Ocean are particularly 
marked. The largest oceanic anomaly is El 
Nirto, a sen-surface warming off South Amer- 
ica. El Nino brings destruction tu the fisheries 
olT Peru and Ecuador. Plankton, fish, and 
birds, depending in ;i chain for nutrients pro- 
vided by the up welling of cold seawater off 
the coast, die. This has economic effects on 
the global markers lor fish, poultry, and fer- 
tilizer. El Nii\o also brings heavy coastal rains 
that cause flooding and damage crops along 
the South American roast 

The Southern Oscillation has climate sig- 
nificance because it is a strong signal and be- 
cuase of its lime scale [Climate Research Com- 
mittee, 1983]. Though the Southern Oscilla- 
tion does not occur regularly, an occurrence 
has correlated manifestations that normally 
persist Tor nearly 2 years from first to last ap- 
pearance. This duration offers the potential 
to develop a predictive capability of perhaps 
a few months. The stages of the oscillation 
are tied to the annual cycle. That is. the com- 
ponent phenomena of the Southern Oscilla- 
tion normally occur at specific seasons of the 
year. 

Front the viewpoint of the United States, 
the correlations of the Southern Oscillation 
with North’ American climate anomalies pre- 
sent an intriguing challenge. Can the South- 
ern Oscillation be used to predict wintertime 
climate anomalies over the United States a 
season in advance? 

Correlations between the Southern Oscilla- 
tion and North American climate anomalies 
were lint described in the 1 930's bv Sir Gil- 
bert Walker. Since that time there nas been 
growing evidence of the reality of these cor- 
relations. Wintertime temperature anomalies 
are correlated with earlier atmospheric pres- 
sure anomalies over the South Pacific and 
with sea-surface temperature anomalies in 
the equatorial Pacific Ocean. 

During the winter of 1982-1983, the 
strongest El Nirto event ever observed took 
place. It was not forecast, it was not generally 
recognized as an El Nirto occurrence until it 
was well developed, and its subsequent evolu- 
tion and duration were not anticipnted. Con- 
siderable research has been stimulated by this 
event which underlined the imcomplete stale 
of our understanding. 

The link between die tropical Pacific Ocean 
and the atmosphere has attracted consider- 
able scientific attention. The Atlantic and In- 
dian ocean* also provide Interesling but dif- 
ferent examples of large-scale interactions be- 
tween the tropical ocean and Lhe global 
atmosphere. Atlantic sea-surface temperature 
anomalies correlate with droughts in Brazil. 
Those in the Indian Ocean correlate with 
variations in the Indian monsoon. As in the 
Pacific, tropical sea-surfaec temperature 
anomalies influence and in turn are Influ- 
enced by the atmosphere. ■ 

. The Indian Ocean region appears to play 
an Important role' in the Southern Osallauon, 
In addition, there is a large seasonal change 
in the Indinq Odean in response to the mon- 
soon. The Somali. Current* for instance, re- 
verses its direction' seasonally.. The Indian 
Ocean thus- provides a unique location tor 
studying some kinds of large-scale interaction 
between the ocean and the atmosphere. In- 


deed, the early evolution of .Southern Oscilla- 
tion appears lo occur in the utiitr, spheric cir- 
culation over the southern Indian Ocean. 

An experiment t«> study the Southern Os- 
cillation ami other interannual climate varia- 
tion has been proposed. It is railed the Inter- 
annual Variability tff the Tropical Ocean and 
the Global Atmosphere Experiment (TOGA). 

TOGA is an exciting oppnrt unity. The 
Southern Oscillation is a strong climate sig- 
nal. The economic l»ciiefiis that could lie de- 
rived from predicting the associated climate 
anomalies could he great. A number of excel- 
lent scientists are enthusiastically working on 
the problem. Progress is being made in data 
analysis, field experiments, and theoretical 
work. On the negative side, there is as vet no 
comprehensive theoretical Irumeivurk for 
TOGA. The first fragments of a theory exist, 
anil some linking physical mechanisms have 
been hypothesized. However, there is not yet 
a strong enough base of theory to design a 
full TOGA experiment with assurance. 

To summarize, the Southern Oscillation 
presents a strong natural signal that promises 
a predictive capability for climate variations 
in temperate latitudes. The opportunity tu 
study this phenomenon should not be missed, 
and the United States should support a major 
TOGA experiment in the Pacific, At the same 
ijmc, complementary TOGA research activi- 
ties should be supported in the Atlantic and 
Indian oceans, though other nations may play 
the principal role there. 

World Ocean Circulation Experiment 

We must understand the global oceanic circu- 
lation u> undcrsiuiul the oceanic role in main- 
taining ihc climate state and in influencing 
climate variability. Wit huui this knowledge we 
are unlikely to he able to predict future cli- 
mate variations. 

A large-scale oceanographic experiment to 
examine global ocean cite illation and ocean 
climate processes is proposed. The World 
Ocean Circulation Experiment (WOCE) will 
be directed at describing the circulation nf 
the ocean, defining the linking physical pro- 
cesses in the ocean-atmosphere climate sys- 
tem. and understanding (he sensitivity of that 
system to forcing by changes in the atmo- 
sphere. 

Recent oceanographic studies have exposed 
a number uf processes that could lie impor- 
tant to the ocean's role in climate variability; 
ntesoscalc eddies, tropical waves, isopycnnl 
mixing, the seasonal variation of the mixed 
layer, and mixing in the interior of the ocean. 
Computer models of the large-scale ocean cir- 
culation underline the importance oi some of 
these processes. Thus, to observe and under- 
stand the climate «-,r the nrcan. wc need to de- 
scribe the processes relevant in climate in the 
ocean in enough detail to model them. 

A major obstacle lo obtaining observations 
of the ocean is the difficulty of obtaining 
measurements over long time scales and over 
great distances. Recent technical develop- 
ments and new means of making measure- 
ments have made it feasible to consider carry- 
ing out a global experiment to understand 
the role of ocean circulation in dimate. Orbit- 
ing satellites give promise of regular global 
measurements or sea-surface temperature, 
surface currents, and the wind stress on the 
sea-surface. If these observations are com- 
bined with subsurface remote sensing, it may 
be possible to develop a description of the 
ocean that, for the first dme, would begin to 
be as complete as our description of the at- 
mosphere. 

A slated objective of WOCE is "to describe 
and understand quantitatively the general cir- 
culation or the ocean, in order to assess with- 
in the WCRP the sensitivity of the dimate sys- 
tem to changes in external fordng, whether 
natural or anthropogenic, on time scales of 
decades to centimes" [Committee on Climatic 
Changes in the Ocean, 1983a]. The proposal 
for WOCE has three types of scientific objec- 
tives: 

1. To describe the general rirculation of 
the ocean. 

2. To understand the rates and processes 
of water-mass transformation. 

3. To describe the spectrum of seasonal 
and broad-band ocean variability 

To provide the basis of knowledge to un- 
derstand the state of the ocean, we must de- 
scribe the mean circulation of the ocean over 
several years as well as the space-time vari- 
ability on time scales of months to years. This 
might in part be done as a global experiment 
lasting 5-10 years. In addition, special studies 
could focus on processes that would elude an 
experiment of mis duration. 

A common thread in many WOCE compo- 
nent studies is an eartli-orbiting satellite that 
measures sea-surface elevation by altimetry 
and surface wind stress by scaueromein'. Sea- 
surface elevation can define the field of sur- . 
face geostrophic currents. With complemen- 
tary' measurements, such as of the density 
field in the interior of the ocean, the circula- 
tion of the ocean might be determined.. Drift- 
ing and fixed buoys could provide comple- 
mentary measurements. An intriguing possi- 
bility is to combine satellite observations of 
altimetry and wind stress with ocean acoustic 
tomography [Munk and Wunsch, 1982] to pro- 
vide an ocean-observing system. This might 
be a major slop in providing the kind of syn- 
optic information in the ocean that has long : 
been taken for granted in the atmosphere. 


Proposals within NASA for an altimetric 
satellite have not been accepted so far by the 
administrator. This may in part be due to 
lack of a perceived consensus need for such a 
satellite. The European Space Agency is plan- 
ning a Sejsat-likc satellite that will measure 
altimetry, to he launched in 1987. Japan may 
launch a satellite with an altimeter in 1990. 
The precision of these satellites mav not be as 
great as that proposed for a U.S. altimetric 
satellite (TOPEX), but they could allow 
WOCE in proceed. 

Satellite altimetry and scalieroineiry arc es- 
sential for WOCE, fur ocean climate monitor- 
ing, possibly for heat (lux studies, and possi- 
bly for TOGA. There is thus a vital need for 
an earth-orbiting satellite for future ocean 
and climate research. To proceed with large- 
scale ocean experiments in the next decade, 
there will soon need to be commitments for 
satellites to support them. 

Heat Transport Studies 

Transport and storage ol heal by the ocean 
is central to all t henries of the role of the 
ocean in globnl climate and thus is central lo 
predicting climate variations. As the study be- 
gan, there were a number ol proposals for 
major heat (lux experiments. These experi- 
ments are now likely to take place as compo- 
nents of WOCE and TOGA. 

The nccan dominates the energy storage of 
the combined ucc.u i-at in ospherc system. Heat 
can be stured in the ocean for periods that 
are long in comparison with atmospheric resi- 
dence times. The nccan can transport this 
heat and give it up u» the atmosphere far 
front the place where it was received. Ourt 
and Vender Itaar [ 1 97t»] estimate that the 
ocean has a heat transport poleward from the 
tropics to mid-laiiiiulcs us large as rnul-laii- 
ludc atoms pi Lent transport. 

Ileal flux is central to all (iceatt climate 
models. Fur model testing we need to he able 
to determine the poleward trnusjKirt of heat 
by the oceans and its vurinliun with lime. 
Techniques for estimating uccau heal trans- 
|x>rt are subject to uncertainty. To deal confi- 
dently with the question uf ocean heat irans- 
purt. there must he means for measuring it tu 
provide assurance in the estimates. 

Two ocean Item flux experiments have 
been proposed tu explore the storage, trans- 
port, and transfer uf heat Ii) the ocean. The 
Cage experiment would examine the long- 
term mean heat flux, the an mini cycle, and 
the iiitcratumal variability ovei the North At- 
lantic. The Pacific Transport ol Heat and Salt 
(PATHS) program would investigate the 
short-term climate variability in the distribu- 
tions of heat and salt in both die subarctic 
and subtropical gyres of the North Pacific, uu 
time scales of months to years, for a period of 
approximately 10 years. It would also esti- 
mate transports arid air-sea fluxes from i inter- 
dependent men sure meins ol heat anil salt 
storage. 

Many of our ideas about North Atlantic 
heat flux are stimulated by the direct estimate 
of Hall and Bryden [1982| of the poleward 
heat flux across 25°N latitude in the Atlantic. 
A corresponding estimate for the Pacific does 
not exist. In fact, the order of magnitude of 
the Pacific poleward heat transport is not 
known. We are being held back in developing 
our ideas about the North Pacific because of 
the lack of a trans Pacific Ocean poleward 
heal flux measurement. 

Ocean Climate Monitoring 

Monitoring, the collection of regular obser- 
vations of the ocean and atmosphere over 
large regions for long periods of time, is a 
necessary element for progress in under- 
standing climate variability. Yet, there is so 
far no commitment to establishing large-scale 
ocean climate monitoring programs, particu- 
larly in the ocean. 

. The long time scale of ocean climate anom- 
alies may be an important factor for forecast- 


ing, but llie length of time needed to describe 
and understand them presents a problem in 
experimental design. Events like the South- 


ern Oscillation occur sporadically (typically at 
2- to 7-year intervals) and have a cycle length 
of about 2 years. Such large-scale ocean-at- 
mosphere interactions must be described over 
several events because of their complex na- 
ture. A description of a single event would 
no) be sufficem to understand the phenome- 
non because each occurrence is different. An 
ensemble of descriptions is needed, to sepa- 
rate out overlapping events and to define the 
phenomenon. Thus the time needed to de- 
scribe and understand the Southern Os- 
cillation is long. 

. U is. thus important to have some means 
for ocean climate monitoring that can give 
regular, reliable, and repeated oceanic and 
atmospheric observations over the course of 
many yean. 

. The next steps need not be elaborate; 

Many proposals for doing this have been ; 
made. The Ocean Science Committee [1974 j, in 
a series "of workshops. led by Henry Storpmcl, . 
recommended the establishment of “phantom 
weather ships." In this program, commercial 
ships \vould collect measurement? as they 
passed certain designated points in the ocean.. 
The resultant time series would provide regu? 
lar samples at fixed locations much as the 
ocean weather stations did but without the 
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great expense of maintenance. There lias 
been no move inward implementation. The 
obstacle seems mo re m be a lack nr runrdiiia- 
tion than a lack of money. 

Atiot her source of climate in format ion 
could be gained by extending the global net- 
work of sea -level observation. This would be 
particularly clfectivc if extended to isolated 
islands. Proposals for sea-level observations 
go Itack many years. Since it is rdativejy inex- 
pensive (e.g., compared with satellites), what 
is holding us bark? I mcrnniional coordina- 
tion is an issue. In addition, the cullcci ion of 
simple' sea-level nicasu rente tits over many 
years is not perceived as an aUradive activity: 
The payoff is distant, the technology is not 
glamorous, and the program demands a 
long-term commit mem. Nevertheless, to ad- 
vance our knowledge of (he ocean's role in 
the global climate system, sea-level measure- 
ments are important and effective. 

To develop an effective ocean climate mon- 
itoring methodology, estimates of the space 
and time spectrum of oceanic variability Tor 
many regions of the ocean arc first needed. 
Further, trial time series can explore the pos- 
sible benefits of and practical means for mon- 
itoring various regions or the ocean. We call 
such short-term observational programs “ex- 
ploratory time series.*' 

F.xploratory lime series should be designed 
to resolve the spectrum of variability, to ex- 
amine the feasibility of observational tech- 
niques, and to assess the Irene fits that might 
lie obtained from future monitoring. 'They 
should he geographically dispersed, incorpo- 
rated into large-scale oceanographic experi- 
ments. and used as a prelimitiaiy to ocean cli- 
mate iiinuiioi mg. Ucsuarc It scientists will nor- 
mally design and establish the exploratory 
lime series and analyze mid review the re- 
sults. Ocean climate muniioring, on the oilier 
hand, wilt normally lx: an operational activity, 
as monitoring now is in die atmosphere. 

Although exploratory time series are a use- 
ful preliminary step, ocean climate research 
programs will need a reliable source of rou- 
tine global data. Thus, there ultimately must 
he a commitment to ocean climate munitur- 


O titer Ocean Climate Research Issues 

The large, internationally sanctioned ucean 
climate programs rereive most or the atten- 
tion. here as elsewhere. Vet a number ol 
competent ocenn scientists concerned with 
the climate variability problem are not con- 
vinced that liter should work within die big 
programs. Occanogi.iphy bus a tradition of 
independence. Some oceanographers inter- 
ested in climate are reluctant to relinquish 
that independence in order to work within 
the large programs. 

Ocean climate research is concerned, by 
definition, with global scientific questions. 

Can they be effectively addressed by indepen- 
dent studies? The easy course of action, and 
one that is not hard to defend, is to insist that 
oceanographers (and perhaps mrtcrologisu) 
work together to smdy climate. Nevertheless, 
many ocean scientists who lack the taste for 
big programs have the pnicntial tu make pro- 
gress in in iders landing climate. These people 
should not be excluded because they prefer 
not to work in big science. Whatever deci- 
sions arc made about the big programs. NSF 
should continue to be flexible enough to sup- 
port guad ocean climate research ideas even 
when they are outside the "approved" frame- 
work. 

Some oceanographers contend that global 
ocean climate planning is overblown and per- 
haps even unrealistic, that it does not take ac- 
count of the difficulties in obtaining reliable 
data in the field, and that a better description 
of the ocean's structure and circulation is 
needed before moving on to understanding 
die ocean's role in climate. They argue for 
simpler field programs. 

There is concern, too, that a global pro- 
gram should not begin before we arc scientif- 
ically and technically ready to carry it off 
well. If wc were to try prematurely and fail, it 
is likely that the funds to do it right would be 
a lung time in coming. 

A number of ideas for ocenn climate re- 
search outside of the official programs have 
been presented (hat could improve our 
knowledge of climate variability. Some of 
these ideas mar u l> ils components ol the 
big [migrants (like WOCKJ as program plan- 
ning evolves. Among the ideas are the follow- 
ing: 

1. Make a few long, deep hydrographic 
sections intended to provide n base of infer- 
mat inn alxmt interior low- frequency ocean 
movements and dynamics. 

2. Maintain and perhaps extend island 
tide stations in the western l’ucilic Ocean. 

3. Maintain the l’atilic NUT muniioring 
program, TRANSPAC. 

*1. Carry out some small experiments to 
understand the physical processes that ure 
important components in climate, such as air- 
sea Ruxes of heal, water, and momentum. 

Some ocean studies that may be important 
are less fashionable. Few oceanographers are 
sluding the polar regions. Is the role or the 
ice-covered regions in climate variability re-- 
reiving enough attention.? This question has 
been reviewed, biit there has been liule; fol- 
lowup. , 


National Coordination 

An ocean research program to understand 
climate change is ton large to be supported 
by a single U.S. government agency. Several 
agencies will have important roles to play. 
However, a review ol climate documents re- 
veals that agencies often do noL have a dear 
image of their role. One sometimes gets die 
impression iliat no clear criteria have guided 
an agency's choice of work. 

The National Climate Program Office 
(NCPO), housed in NOAA. is responsible for 
administering the National Climate Program 
and coordinating among the agencies in the 
program. NCPO looks to NSF, as lead agen- 
cy, for development of plans, budget require- 
ment, agency responsibilities, and progress 
reports related to the Ocean Heat Transport 
and Storage Principal Thrust. 

The NSF, as lead agency for Ocean Heat 
Transport and Storage, has the dc facto re- 
sponsibility fur oversight of the national 
ocean climate research program. NSF has 
been doing this through informal meetings 
with representatives of other agencies and by 
making extensive use of the National Re- 
search Council (the Board on Ocean Science 
and Policy and the Climate Research Com- 
mittee, in particular). If problems arise that 
involve the setting of priorities among the 
agencies, it may be necessary to set up a more 
formal steering mechanism. 

All tlic lead agencies in the National Cli- 
mate Program have had difficulty in coordi- 
nating their components. There is thus no 
good model for NSF to follow. NSF is the 
largest supporter uf ocean climate research 
and luis credibility with the other agencies in 
its lead role. 

NSF rescarrli programs related to climate 
have typically involved col la bo rati re research 
projects from a number of institutions. These 
programs may have a duration or from 3 to 5 
years. Such a mode of operation tends to 
yield results ihsit respond to specific scientific 
questions but is not well suited to programs 
that require a continuing yenr-afler-year 
commitment. Long-term programs need to 
be pan or a climate research program, and, 
hence, there is a need for other agencies that 
can support them to play a role complemen- 
tary to dial of NSF. 

The National Oceanographic and Atmo- 
spheric Administration (NOAA) has been 
supporting a substantial ocean climate re- 
search program. NOAA programs include 
the Equatorial Pacific Ocean Climate Studies 
(EPOCS), the Subtropical Atlantic Climate 
Study (STAGS), and oceanographic compo- 
nents of the Global Atmospheric Research 
Program (GARP). NOAA also has die lead 
responsibility for die U.S. TOGA program. 

In addition to carrying out ocean dimale 
research, NOAA has oilier responsibilities 
(hat arc important to the climate program. 
NOAA is the lead agency fur the principal 
thrust of the National Climate Program enti- 
tled "Generation and Dissemination of Cli- 
mate Information." NOAA's Environmental 
Data and Information Service runs the Na- 
tional Climatic Center that manages oceano- 
graphic data. As the climate program pro- 
gresses, the management of data and infor- 
mation will be a factor in its success. Thus, 
these elements of NOAA need to be involved 
in the planning far large ocean climate ex- 
periments. [ql NOAA’s National Ocean Ser- 
vice (NOS) has responsibility for ocean moni- 
toring. To date, NOS has exercised that re- 
sponsibility chiefly in conventional mapping 
and charting activities. They have missed op- 
portunities to support monitoring useful to 
ocean climate, such as the Pacific tide gauge 
network. A global study of the ocean's role in 
climate demands reliable ocean observations, 
analogous to those taken for granted in the 
atmosphere. NOS ought to be working to- 
ward developing a ocean service on a par 
with the atmospheric service provided by the 
National Weather Service. Although NOS has 
not so far given a high priority to developing 
this capability, perhaps the creation of the 
National Ocean Service, from wlial had been 
the National Ocean Survey, will lead NOAA, 
through NOS, to accept responsibility for the 
needed ocean climate monitoring. 

The National Aeronautics and Space Ad- 
ministration (NASA) has the goal of develop- 
ing spacebornc techniques for observing the 
ocean and thereby undcrsin tiding oceanic be- 
linvior. NASA's spaccborne oceanic observa- 
tions arc intended to study oceanic circula- 
tion, heat content, and heat flux. Such work 
Involves the interaction uf the ocean with the 
atmosphere and the cITeci of the ocean on 
climate, NASA has focused on scientific ques- 
tions addressable by specific earth-orbiting 
satellite oceanographic sensors. They have 
commissioned a series uf studies that, though 
not specifically directed to climate research, 
pruvidc a valuable summary of satellite 
oceanographic capabilities and needs. 

WQCE will dc[iend critically on remote 
sensing by satellite or sea-surlace elevation, 
surface wind stress, and meteorological varia- 
bles. Thu?, something like the TOPEX satel- 
lite, with altimeter and scaneromcter for 
global sensing of surface ocean currents and 
surface wind stress, is essential for WOCEi 
To date, NASA has not made a decision on 
this program, and the uncertainty is a major ■ 
deterrent to the development or U.S. plans 
forWOCE. . • . 

The.Gffice of Naval Research (ONR) does 

. not now explicitly support ocean climate rer 


search. ONR does, however, support u num- 
ber of process studies, particularly at the air- 
sea interface and in the surface mixed layer, 
that are relevant to climate. For example, 
work supported by ONR may be important in 
resolving the question of the sea-surface wa- 
ter-vapor flux. Our current understanding ut 
ocearvaimosphere climate interaction owes a 
greaL deal to the results of the NORPAX pru- 
gram. which was supported for many years 
by ONR. ONR is also supporting the devel- 
opment of techniques in remote sensing that 
have direct application to ocean climate re- 
search experiments. Furthermore, naval op- 
erational activities need environmental infor- 
mation of the type that is important to cli- 
mate research. 

An important ingredient in the implemen- 
tation of large-scale ocean climate research 
programs is a consensus opinion from U.S. 
oceanographers that die experiments can be 
done and should be done. A commitment by 
capable scientists to participate and to see 
that the experiments are successful is also 
needed. Without the consensus and the com- 
mitment, the federal agencies will find it dif- 
ficult to develop the new funding needed for 
supporting these experiments. 

One ingredient in developing a consensus 
is to allay the fears of many oceanographers 
that all new ocean research funds will go to 
the large programs, like WOCE. This con- 
cern needs lo be addressed. The federal 
agencies, and particularly NSF, must be in- 
volved. The climate program advocates in the 
scientific community cannot assure their col- 
leagues in other ocean research disciplines 
that a proper balance will be found. Those 
controlling the money must give this assur- 
ance. Here is an opportunity for program 
managers in NSF and other agencies to seek 
the opinions of oceanographers of all stripes, 
not just those with climate research interests. 
What should be the appropriate balance or 
support for these programs? What is the view 
of biological and geological oceanographers 
(for example) about the need for strong sup- 
port of ocean climate research? Answers lo 
such questions might be sought through Na- 
tional Research Council committees. 
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News & 

Announcements 

Seismometer 
Washes Ashore 

An ocean bottom seismometer (OBS) re- 
cently washed ashore at Wake Island and was 
snipped to the Hawaii Institute of Geophys- 
ics. It appears to be instrument number 4 of 
die Texas Instrument Mark III series, built 
in 1964 for the Air Force Technical Applica- 
tions Center. Some leakage into the sphere is 
indicated by moderate corrosion of the Inter- 
nal components. About half of the tape was 
pulled across the head. 

Several such instruments were used and 
lost in experiments (recording of earthquakes 
and underground explosions) ofT the Kuril 

* n . .nU« an ulands in the 1960’s and 
early 1970’s, Some instruments (serial num- 
bers unknown) in the Mark II series may 1 
Sfe^nmst as early as 1964. OF the: 13 . • • • 
Markin-truments, 1 1 had bedn lost as of 
w 196 £i we ?« unaware of their use (or •' 
the use of Mark I Vs or V’s) in recent yean j 
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This OBS may have been in the ocean for 
an unprecedented number of years, and vain- 
able data may siill he present on the tape. We 
ask those who may he interested nr who 
could provide details nil the last experiment 
in whit It this iiiMriimeiii was used to please 
call nr write Chat lex McCicery ur Dan Walk- 
er. Hawaii Institute ol Geophysics, 2525 Cor- 
rea Road, Honolulu. HI 96822 (telephone 
K()H -94 8-8767). 

This news item wru submitted by Daniel Walker 
of the Hawaii Institute of Geophysics. 


Emerging Ocean Issues 

Seven topics have been identified by the 
topics roinmiltce of the Year ur the Ocean as 
focal points of discuss ions as [tart of the Year 
of the Ocean celebration. The Year of the 
Ocean (Em. June 19, 1984, p. 402, and April 
24, 1984, p. 326) is a year-lung commemora- 
tion ami celebration, begun on July 1, of die 
oceans. The commemoration lias been en- 
dorsed by Congress and by President Ronald 
Reagan. 

The topics committee is composed of near- 
ly 20 representatives from government, in- 
dustry. and academia. Thomas Maginnis, di- 
rector of the National Oceanic and Atmo- 
spheric Administration's office of policy and 
planning, is the chairman of the topics com- 
mittee. 

Summaries of the discussinn topics and the 
requisite questions, as described by the Year 
of the Ocean, arc listed below. 

• Effects of Oceans on World Climate. How 
does the ocean affect our climate and weath- 
er? How close are wc to predicting climatic 
extremes? What are the consequences of such 
predictions? 

• Marine Transportation- The U.S. Mer- 
chant Marine ranked first in deadweight ton- 
nage in 1950, but hy 1980, it bad dropped to 
eighth. The U.S. relies on marine transporta- 
tion for 99% c»r its ex [sort and imparl trade. 
What is happening to our Merchant Marine 
and why? How many ports can the U.S. econ- 
omy continue to support? Can technology 
lower ship building and operating costs 
enough to make these industries more com- 
petitive? Will the United States have a reliable 
merchant marine furcc fur national emergen- 
cies? 

• The Oceans as a Stuiixe of Fond. Al- 
though fish and otlici living marine resources 
provide inipurlaiu somces uf protein 
throughout the world, many full stocks have 
been overlished, and marine and estuarine 
habitats have Iteen pulliiicd. Domestic and in- 
ternal ionnl competing fishing interests re- 
quire that lislt stocks be managed so that 
populations remain .stable ur increase. Is (he 
current system of allocating fish resources 
working adequately? Wlial steps are being 
taken to dctci mine habitat needs of impor- 
tant marine species? What is being done to 
develop markets lor currently underutilized 
species? What is the fill lire of aquaculture in 
the United States? 

• The Ocean as a Source uf Minerals. Do 
we have adequate surveys uf marine mineral 
resources? What do we currently know about 
deposits there? Wlial are the technological ca- 
pabilities and liniiialioiis of developing min- 
eral resources in extreme environments? l» 
technology fen emu rolling accidents ade- 
quate? What are the rat iiifiutl ions of the 
United Slates not signing tlic Law unite Sea 
Treaty on development of marine mineral re- 
sources in international waters? 

• Marine Recreation. Are the fish caughl 

by recreational fishermen safe to eat? Are 
saltwater fishing licenses for sportsmen a way 
of funding research and liabiint cnhaiiceroen 
projects for retreat tonally important specif 
Arc navigational aids maintained and charts 
updated to insure safe boating? In how ma n ? 
places is the water unsafe for swimming? _ 
Wlial arc the proper practices for controlling 
coastal erosion in specific locations such as 
beaches and channels? . 

• Ocean Pollution, Dumping, and 

ous Waste Management, Can lhe U.S. g°J' 
ernmeni find a balance between our need 
dispose of wastes and the necessity for * • . 
healthy environment? Have we fully r* 311 
the reverberations of such dumping on u* 
delicate balance of marine ecosystems (U*» j 
the food chain)? Are our current dump 1 ?? 
patterns stretching the assimilative capact , 
of the oceanic waters? Can we assess 4^ 
and effects of past dumping of hazardo 
wastes in the ocean? ‘ . -jq, 

• Future Ocean Exploration and Teen 
gy. Topics for discussion Include studying 
ocean from space and alternate cncr 8y. . n 
sources and ocean thermal energy «> n 
(OTEC ). — BTR • 


ATTENTION SUBSCRIBERS! 

Beginning In 1985 
Reviews of Geophysics 
and Space Physics 
will bedtled : s ■- 
Reviews of Geophysics....,: 

Apprbxlnlately 8Q0 pa^s . ; , 

to be published In \:‘- 

. Volume 23/ 1 985,; 


August 7, 198-1 £jOS 



rates per line 

Paiitions Available, Services, Supplies, Courses, 
and Announcements: lira insertion $"i.00. ad- 
ditional insertions S4.25. 

Positions Wanted: first insertion Sl’.HO. .iddition- 
al insertions $1,511 

Student Opportunities; lira inset lion li.-c, addi- 
tional insertions $2.00. 

There are tin discounts or commissions on 
classified ads. Any iviic style that is tun publish- 
er's choice is charged a I general advertising 
rates. Eos is published weekly un T uesday. Ails 
must he received in writing by Monday, I week 
prior to the dale of publication. 

Replies to ads with box numbers should he 
addressed to Box — , American Geophysical 
Union, 2000 Florida Avenue, N'.VV., Washing- 
ton, DC 20009. 

For more infur ination. call 202-462-6903 or 
toll free 800-424-2488. 


POSITIONS AVAILABLE 

Geochemist. The University uf California. Davis, 
Depatrment or Geology, has nil opening lor a one 
year temporary faculty position for Fall 1984. Spe- 
cific fields are open; however specialization in iso- 
tope anil economic geochemistry arc desirable. Tlic 
Department has strong programs in paleobiology, 
pafeoccanography. petrology, geophysics, and crust 
and mantle evolution. A Pfi.D. Is required. Rcspon- 
sibiJiiles include graduate and undergraduate teach- 
ing and research m geochemistry. 

Applicants should submit vita, statement of re- 
search and teaching interests, and the names of 
three references as soon as possible, as the position 
is for (he Fall, 1984 quarter. 

Wc anticipate that this position will be opened on 
a permanent, (enure track basis during the next ac- 
ademic year. A successful candidate for this tempo- 
rary position can apply for the (enure track posi- 
tion. Inquiries and applications should be sent to 
Chair, Search Committee, Department of Geology, 
University of California, Davis, Davis. California 
85616. 

The University of California is an equal opportu- 
njiy/alTirmative action employer. 

Gcologlslfl-GeophjBicIstB/lnalllute for Geophysics, 
The University of Texas at Austin. The lustitutr 
for Geophysics at (lie University of Texas at Austin 
has openings for research stall, particularly in the 
areas of theoretical seismology and se.i-gning nu- 
nnc geology/geupliysics. The Institute is located in 
Ausiin and operates closely with the Depat inieiil n| 
Geological Sciences of the Univcisiiy. It is a vigoi- 
ousand growing group with it net cats in Unit &nd 
and marine geotugy/gcophysics. Kcsc-aicli facilities 
include a IGy-fuui ship equipped tvilh iiiiiiiicliaiiiK-l 
and high resolution seismic rcllciliuu and OBS scis- 

BW : refine I inn capabilities. A VAX 1 1/7x0 

irith DISCO software is available foi d.il.t iHiac.es.i- 

Ing. 

Applicant* should hold a Ph.lt. in ue<al<>gv. gen- 

physics or other appropriate held ami have .leu 

timed creativity in rescan h. Senior ami inhl-Larcci 
ratcatchers as well ns teceiil Ph.D.'s .tie emoiir.iged 
lo apply. Applications should be received by -Sep- 
tember 15, 19H4. The salary is dependent up hi 
qualifications. Please foiward applications, uiiiku- 
lum vuae, uatnes of at least three iefcrcm.es. and 
other supporting mater in Is lo: Dr. A.E. Maxwell. Di- 
rector. bulimic for Geophysics, The Universiiv of 
T «S» 31 Austin . P.O. Box 7150, Austin. 1 X 78712. 

The University of Texas is an equal opportunity/ 
aUirmaiivc action employer. 

[Unlversily/Piaamn Physics, EM Waves, 

" c «TC seeking a senior |tcrsnn 
T a !“?. ■“"wrared scientific, man.igci ial, and 
cadenhij) qualifications in one or more of the fol- 
lowing disciplines: Since Plasma Physics, clcclro- 
nugneitc waves, antf sola r-ierre.il rial physics. Wc ex- 
pect the successful candidate to have established an 
outstanding reputation ducutnenlalile through pin- 
irf?, • i hrn, ' l !8i* or other evidence nf personal 
re can ted creativity, letters of reference from rcrog- 
nued research lenders in the disciplines menlicHictl 
«»ve. and/or awards and other recognition 1'rnin 
appropriate professional societies. 

a u expected that this individual will develop a 
rraarch program In one or the disciplines given 
«tove working in cnoidinatiou with ongoing pro- 
grams within tlic STAR Laboratory and, iHMibly, 
with other activities within the Stanford (latter fur 
r^jF?P“ 3nl1 Astrophysics. It is expected that 
hiis individual wi]l have h strung background in cx- 
thJfi - *, ? ir l l,es . ritlict In the laboratory or in 
'n—/ 16 W ' , ut *' n 8 'he environment of space; ex- 
&<■"<*! “fuvtiies in cither laboratory or space 
i«^! n li phy5lts wou W he regarded os good qualifira- 

ni. However, close association with theoretical de- 


Pj“ n “ PkMks and/or electromagnet- 
c theory w {] clearly be desired. It is also expected 

iw Fof SMinin? f* | ,V,H | llBVe l rienlQn «raicri P capabil- 
onrt nJ\n 8 f 0l ^ Cr r “™ch gr.HU Sltp- 

^.L ,, b V CCn f ,ed by lhc committee of 

being capable of securing such funds. 

It is anucipaied that the person chosen will devote 
he major part of his or her time lu research atiivi- 
i«n i, * c '; cr ' lhcre ■ anupp’nunilv for participa- 
tion in academic rciponsibt fines of Electrical Engi- 
neering Department, including, when time permits, 
teaching graduate and undergraduate classes, serv- 
me on various .committees of the department, 
achuol of Engineering, and the Universiiv. It is ex- 
necieil that die person chosen will idnicipatc activc- 
y 1 h 9J , *i m,I, K of graduate students. 

.he Chairman of tne selection committee fur this 
position is Professor Ruben A. Helliwcll. Professor 
01 Mcclncil Engineering, Space, Telecommunica- 
tions, and Radiosuencc Laboratory, Stanford Uni- 
versity, Stanford, CA 94305. Other members of the 
selection commutec include Professor P.M. Banks, 
Professor R.N. Brace well. Professor L.R.O. Storey, 
and Professor L. Tyler. 

University of Texas at Austin, l he Department 
ol Urological Sciences invite* applications for a per- 
son to leach depositions systems and petroleum ge- 
ology at the undergraduate and graduate levels and 
lo conduct a rigorous research program, ini hiding 
the supervision of graduate students, in the area of 
Hie person's interest. The person must he willing tu 
leach die above subjects to nnn-niajors on oectawm. 
The position requires the Ph.D. ami is open lo Null 
tenure-seeking junior persons and senior-level per- 
sons. Availability by January 1985 is desirable. Ap- 
plicants should submit a detailed resume, names 
and addresses of five references, and a statement of 
teaching und research inieresisbv November 1. 

1984 to Dr. Earle F. McBride. Department ol Geo- 
Sciences. Univcisiiy of Texas. Austin, Texas 
78712. New Ph.D - holders should also submit :i 
com- of their dissertation alnirjcl. 

Tlic University is an equal o|i|i> n ntniiv/.tlliT illa- 
tive action employer. 

Hydrogcolorist/Texas AScM University. The Dc- 
tMrimcnt of Gcnlogy and Center lor Engineering 
Geosciences have a tenure track opening, preferably 
assistant professor level, for which the first search 
will be for a creative individual working in applied 
geological hydrology. 

The successful applicant will be expected lu devel- 
op teaching and research recognition at a national 
level. The position is available ljegi lining September 
I. 1984 and will be held open until (illnl. Appli- 
cants should submit a vita including names of refer- 
ences lo M.C. Gilbert. Department or Geology, Tex- 
as A&M University. College- Station, TX 77843. 

Texas A&M Univcisiiy is jii afTmnaiivc aciirm/ 
equal opportunity emplnvci. 

Faculty Positions/Florida Slate University. The 
Depamuciu of Mcieurulugt. Hnridj Sure Universi- 
ty. cxprcii n, appuini two I.kiiIii nicinhcrs in An- 
gnsi I'JK'i ui i|ic rank of assist ani prufcsSni m asso- 
ciate pruiessur These .ire lenurc-e .tilling posiiinm 
leqiiiiiug i lie Ph.D. degree, t and id. lies with train- 
ing ami expciiciiLC in swiopin. niciciirul"gi or ill- 
maiding* air piefeired: Inn all qualified caivikLiIvs 
are cnunn.igcd m uuph. I'he appointee will Ik- o- 
|*citcd teach; lo dcielup an actin' research inn- 

9 ram and to iMiiicipalc in the gown it- me of lire 
cpariincni. Applicants should send comprehensive 
n-Miiiii-s. in- lnoiiig a list «*f puLli. .iilon- .ut'l di<- 
names and addi esses >>t iliicv |>i ■ ■n.,1 iel,-i- 

ences to: ('hairnian. Dc|i.iiiiiiciiI ol Meteorology. 
Florida Slate University. Tallahassee. l : L323Un. 

Hie last dare for receipt of applications is December 
31. 1984. 

Florida Stale Universiiv is an eipi.il opportunity/ 
affiruiuiive action employer and invites applications 
Dam all qualified candidates. 

Satellite Geodesist. The scientific staff position 
available ] October 1984 at lire Massachusetts Insti- 
tute uf Technology. Department n! Earth, Auuo- 
sphcric, anti Planciary Sciences, in a federally spon- 
sored long-term program of research in geodesy via 
radio interferometry with Global Positioning -System 
(GPS) satellites. Candidates iiinsi have I'h.D. in ge- 
odesy, and ability and experience in radio interfer- 
ometry with satellites, as demonstrated bv lubstan- 


(^8 00-424-24 88 j 

AGU's toll-free number is In operation 
Monday through Friday, 830 AM. to 
5 fl0 P.M. Use this number to: 

• Change your mailing 
address 

• Order books and 
Journals 

• Request membership 
applications 

' Register for meetings 

• Request a Publications 
Catalog 

You a,so may calf and request Infor- 
mation on: 

• Insurance 

• Scholarship programs 
' Chapman conferences 

and AGU meetings 

• Price lists for Journals 


the theory of satellite geodesy, and in parameter es- 
timation techniques applicable to large, mnlti-pa- 
rnmeter gcmlciic problems is esicniiul. Experience 
in performing field work and in data processing on 
large IBM mainframe nnd/or small PDP-1 1 comput- 
er systems would be helpful, as would knowledge of 
the GPS, geodetic reference sysLents, mid network 
adjustments. Strong skills in oral ,*ind written pre- 
sentation of research results are required. 

Please send vita, including list of publications, sal- 
ary requirements, and referencea, plus reprints or 
major publications to: 

Professor Charles C. Counsehnan, Ifl 
do LM. Birchcuc 
Personnel Office, E19-2S8 
MAT. 

Cambridge, MA 02139 

MIT is an affirmative action/equal opportunity 
employer. 

Postdoctoral Poiltfon/Unlverslty of Arliona. A 
postdoctoral position has been opened aL the Lunar 
and Planetary Laboratory. University of Arizona, 
Tucson, Arizona, in July 1984. The research is In 
the general area of space and planetary physics until 
much of the work related to Voyager EUV observa- 
tions at the outer planet encounters. The urogram 
includes work in plasma physics concerned mostly 
with the fundamental nature or the lo plasma , torus, 
upper atmospheric and auroral processes on Jupi- 
tcr; Saturn. Titan, Uranus and Neptune, exosphere- 
magnetosphere modelling at Saturn, and some spe- 
cialized aspects of the iiuersiellar-mierplanciarv me- 
dium. The applicant should have a background in 
atomic and molecular physics with an interest lit 
planetary atmospheres. Applications should contain 
vita, statement of interests, and names or three ref- 
erences, and should be submitted by August 30, 
1984. Further information can l* obtained by con- 
tacting D. E. Shemanikv, Lunar and Fhnetwg Lab- 
oratory, 3026 E. Ajo Way. Tucson. Arizona 85713; 
602-621-4304. . , . . ' 

The Univcisiiy or Arizona is an equal opportuni- 
ty/affirmative action. employer. 


EXXON PRODUCTION RESEARCH 

EXON 

Exxon Production Research Company, located in Houston, Texas, has 
immediate openings for wall-qualified individuals who are interested in 
chaHanging careers in the petroleum industry. Opporttnitiss include both 
research and applcation of advanced technology to exploration problems. 

STRUCTURAL 

GEOLOGY/TECTONICS [PhD] 

Structural geologist who haB broad experience h field geology, tectonics, 
and structural analysis, and the desire to apply this experience to pro- 
blems In petroleum geology. Current projects include structural analysis 
of fold and thruBt belts, rifts, and passive continental margins; structural 
interpretation of seismic reflection lines; analysis of fractures in rock; and 
study of the dynamics of faiiting. 

APPUED GEOPHYSICS/ 
STRUCTURAL GEOLOGY [PhD] 

Applied geophy^dst or structural geologist who has experience in the in- 
terpretation of gravity, magnetic, and seismic refraction data. Can- 
ada tea should have a strong background in regional geology and tectonics 
and the ability to maks effective use of geological constraints in the con- 
struction of gaophysical models. A first assignment is fikely to involve par- 
ticipation in regional basin analyst. 

ThiB equal opportunity employer offers an outstanding employee benefit 
program and excellent opportunities for advancement and travel. 
Salaries commensurate with education and/or experience. Reese send 
resume [and copiBS of transcripts if available] to: 

Recruitment & Staffing 
Exxon Production 
Research Company 
Dept. 122 
P.O. Box 2189 

m Houston, Texas 77001 

An Equal Oppnrtunlty Employar, M/F 




l> of Texas at Austin. Austin. Texas 787 15-790!). 

The Universiiv is an equal (i]ipuri unit v>a (hr illa- 
tive aciion employer. 

Project Asuclate/SpeciHlIsti Electron Mirro-Probe 
Lob, University of Wlsconain-Modiion. Strong 


NATO Advanced Study Institute /Large Scale 
Tranaport Processes In Oceans and Atmosphere. 
Lcs (touches. French Alps. February 11-22, 19H5. 
A primary objective of iliv i. nurse is n> dc'vel>.i|i 
under* uniting uf iln- large scale atmospheric 
dynamics, ocean dynamics ami the imcr.iaiutu be- 


npv, any qi iiiiuciikubi — r: . . . 

pitted ta teach both undergraduate and graduate 
courses and to conduct :■ rigorous research pro- 
aram. Including the supervision ol graduate stu- . 
ESh. b. the area orhfiqr her speciality. The posi- 
tion* require the Ph.D. degree. Applicants. should 
submit J detailed resume, names mid addresses or 
five references, a statement of teaching and re- 
search interest?, and a copy of their dlssenaiicin ab- 
stract by December I, 19o/ to: Dr. t^lliainL Fish- 
er, Department of Geological Sciences, the Untversl- 


. P . u ° wisranam*ni bo non, strong wecn O£oan a(1(l a , nwt|l i ww . The principal 1 ml 
analytical ^background in quantiiaiiic EUR analysis c „ (Blackman. Gill. Hnkim. Rhine*. Wclanderi 

AB? 1 srvin Ma'^nirn 3 ^ cover the above topics, starling at a relatively simple 
tin*/ crJTn 0 ." ,c cl i , A , SEMQ and a JEOLCO le*d and dcvdniniiR them to adv.-meed research let- 
50-A SEM. Duties will include instrument mamic- H . , n at [diiion. J number of more spekaliecd lec- 
nance. msiracuon ol students, derefopment of pro- luri , w]]l ^ giveil hy sumx.rttug lecturers. 

Crfures and analt-s. 1 . Research will be encouraged. The lnstil * lc is illICIH ^ d f l>r | rad ua«e siudents or 
A MS or PhD is required in Earth Science, Chemis- young postdoctoral researchers. Limited funding is 

e7i H ° r •¥ availabteT Siudents should n rite to Dr. j. 

$18.009/1 2 months with an MS. Send letter of appli- W illebrand, [nstiiuie fin Meereskunrie, 

canon, transcripts, resume, and names and address- Dt.siernbrookcr Weg 20, 0-3380 Kiel I. W. Gern.a- 

cs oF three references by September 15 to Dr. John ny . f OI funher ill formal inn. as soon as possible. 

W. Valley. Department of Geology Sc Geophysics. r 

Weeks Hall, university of Wisconsin, Madison, Wl 

u ;...m.i n ..r Request for Preproposali. The U.S. Emironmi 

An equal opportunity employer. tal iVotcaion Agency's Corvallis Environmental 1 

search laboratory is seel ing PREPROFOSALS l i 
Faculty Positions In Geophysical Sciences/The research on the effects of acidic deposition on thi 

University of Chicago. The Department or the chemistry of surface waters. Tlic purpose of the 
Geophysical Sciences invites applications for posi- search wdl be to iniprove our understanding of i 
lions at till levels across the entire range or earth mechanisms of surface water acidification with ih 

and planeurv sciences, including meteorology and iillimaie goal or predicting such effects or acidic t 
oceanography. Particular attention will be given to position on regional and national scales. Specific 

applications in interdisciplinary areas with prospects eas of research to be addressed are: ( I) retention 

of major advances in observation, theory and appli- sulfate within soils; (2) flux or hase cations from 
cation. Please send resume and reprints to Joseph soils; (3) hy drologic response or ivatcraheds; mid 
V. Smith, Chairman, Appoinimcnn Commutec, devclopnient/appli cation of watershed-scale modi 

5734 South Ellis Avenue, Chicago. Illinois 60637, for prediction or future effects. Written requests 
USA. Applications will be considered rapidly Information on prepro|n*a] submission are lo be 

throughout the year. reived not later than September 14, 1984, and at 

The Universiiv or Chicago is an equal opportuni- to be forwarded to: Dr. Raymond <>. Wilhour, 
ly/nffirmaiive action employer. Chief, Air Polluiion Effects Branch, U.S. Enviror 

mental Protection Agency. 2U0 SAW S5ih Streei, 
Corvallis, Oregon 97333. Please specify research 
Princeton University. The Department of Geo- area of Interest, 
logical and Geophysical Sciences Invites applications 
for a tenure track appointment beginning Septem- 
ber 1 , 1 9B5, at ihe Assistant Professor level in the 
area or Isoiopc Geology with specialization in 
"Ar^Ar mass spectrometry. 

Candidates mint be thoroughly grounded in lhc 

fundamentals of isoiapc studies (stable anil radio- LflU lOf rapfifS ' 

genic) anti their application In earth science, and Gill r\ ■ 

hare dcmonsiralcd an ability fur research in this or SMUCIC UOIlQ@S 

related fields. The appoiiiiee will Ik expected to su- 
pervise our newly assembled continuous-lascr-hcal- u 1 . , , . •. t ^ 

mg Argon age laboratory, and to participate in col- Manuscripts are requested for pos- 

labontuve research programi using this fiiciiiiy. sible Inclusion in Geological Socle- 

,hc ty of America Publication on the 
Appticanis should send resume and names of emplacement of Silicic domes and 

three referees to Robert A- I'hlnneyv Chairman, De- i_ u _ n_ ujC 
partment of Geological and Geophysical Sciences, “ vn I,ows - 

Princeton University,. Ihinceton, N.j. 08344. 

Princeton University Is an equal opportunity/allir- Deadline: October 31. 1984. - 
. malive action employer. 

. For more Information, contact: 

SERVICES, SUPPLIES, COURSES, 

AND announcements " ' Jonathan Fink 

. , Geology Department 

Consultant, Specialist in resouree exploration and . Arl^nnn I Inluorciro 

development (mineral, petroleum, and ground wa- Arizona ataie Llhiversity 

tcr-mlnlnig and petroleum engineering). Johns Tempe, Arizona 85287 , 

Hopkins PhD with extensive praciiral experience in . ■ ffifl?) 

ih/ulHillfi Fmi an, I .Icruh.n-. MltllillnffUll fluent OlHO, 


Request for PrepropoaaU. Tlic U.S. Emironnicn- 
tal Prutcction Agency's Corvallis Environ men id I Re- 
search Laboratory is seel ing PREPROPOSALS lor 
research on die effects of acidic deposition on the 
chemistry of surface waters. Tlic purpose of the re- 
search will be to iniprove our understanding of the 
mechanisms of surface water acidification with the 
ultimate goal or predicting such effects or acidic de- 
position on regional and national scales. Specific ar- 
eas of research to be addressed are: ( I j retention or 
sulfate within soils; (2) flux or base cations from 
mils; (3) hydrologic response or watersheds; and (4) 
developmeni/applj cation of watershed-scale models 
for prediction of future effects. Written requests for 
Information on prepro|»*al submission are lo be re- 
ceived not later than September 14, 1984, and arc 
to be forwarded to: Dr. Raymond G. Wilhour, 

Chief, Air Pollution Effects Branch. U.S. Environ- 
mental Protection Agency. 2U0 S.W. 35ih Streei, 
Corvallis, Oregon 97333. Please specify research 
area of Interest. 


Teaching duties arc tu complement mid expand the 
existing programs. 

Appticanis should send resume and names of 
three referees to Robert A- 1‘hlnney, Chairman, De- 
partment of Geological and GcophysiruL Sciences, 
Princeton University,. I’rinceton, N.J. 08344. 

.Princeton University Is an equal oppurtunilyfal Fir- 
malive action employer. 


SERVICES, SUPPLIES, COURSES, 

AND ANNOUNCEMENTS 

Consultant, Specialist in resouree exploration and 
development (mineral, petroleum, and groundwa- 
(cr-mlnlnig and petroleum engineering). Johns 
Hopkins PhD niiii extensive praciiral experience in 
i the Middle East and elsewhere. Multilingual fluent 
in Perjfan and Turkish). Reply to Box 024, Ameri- 
can Geophysical Unloh, 2000 Florida Avenue, N.W., 
Washington, D.C. 20009. 






t '<• 

t , 

l 1 - .?!■! . 


; i • w • 


J ' 

i i i' ' 


•i • 


1 i ■ : I ' 


; ; ,j ■ . | 






AGU Membership 
Applications 

Applications for ini'iiilwnhip have been re- 
ceived from the following iiuliviilunls. The 
letter after the name denotes the pinpuscri 
primary section nllilialiun. 

Regular Members 

Willy F. J. Hat yens (O), Tueil Hai (SS), 
RoIktI J. Botlmir (V). Kathryn J. Bush (H), 
William R. Davey (T), Pierrette iH'creau 
(SM), Ronald W. Kalla (M), William J. Green 
(O), Gary Grecnhut (A), Use Marie Hamann 
(O), Richard A. l-kiovcr (V), Clary J. Hu bile 
(T). 

Hen rick M. Icrkic (A), Erhan Kndcki (SA). 
Peter N. Kiiprennan * P>. J. V. Larson (Cl), 
Stephen J. Martel (T). Ciutly A. McMullen 
(T), Joel (1. Melville (II), I. Anneit Noid (II), 
Thomas I.. Patterson (A), Iris Prieataf (H), 
Patricia K. Pullen (O). 

James F. Quinlan (H), Donald V. Reamcs 
(SC), Rochelle Rimnuster (II). Steven Sclpcn 
(V), K. Jeff Scrnc (U). Richard J. Seymour 


(O). William E. Sharpe (11), Andrew Simon 
(H). Karen Steininaus (G). Dieter Stoll (S). 

M icli.icl Szyliowski (G), Thomas L. T lieis (H), 
Douglas Tragheini ffj, Marilyn G. Truscuu 
(V), Antoinette Van Neste (A). Alan Whitney 
(G.). 

Student Status 

James Joseph Amina (T), William Asprey 
(S), Zia Ullali Bajwali (V), Michael L. Blan- 
pied (T), David W. Caress (T), Kuan- Wen 
Cliuang (SS), Jeffrey Delon Corcigan (T). 
Margo Edwards (0), David J. Erickson (A), 
Amatzia Gcnin (()), Philippe P. Gousselaitd 
(A). Robert W. Graves (T). W. J. T. Greening 

(G) . 

Steve Ingcbrilsen (H), Kenneth VV. Klewin 
(V), Timothy Millen (H), M. Meghan Miller 
(V). Kcnueih E. Pickering (A), Veronique G. 
Robigou (V), Jeffrey Ryan (V), Lewis Seni- 
prini (O). Craig Shoemaker (S), Cordon E. 
Swatcrs (O). 

Michael K. Tanscy (H), Culhianne Watkins 

(H) , Mark S. Williamson (H), Nancy Witl- 
penn (T), Grant R. Wood well (T), Miin-Huey 
Van (A). 



Announcements 


rite Iasi Geci|iliyvii:il Year calendar ran 
July 17, HUM, in Eos. 


Future AGU Meetings 

Fall Meetings 

• Dec. 3-7, IWM.Sitn l-Tancicco. Cali- 
fornia. Alis tracts due Septciulier 12, 
tail for papers appeared in July 3. IBH4 
Eos. 

• Dec. U-13, l ‘185. Sun Francisco, Cali- 
fornia. Ahs it acts due mid September 
11)85. 

• Dec. 8-12, 1986, Sail Francisco, Cali- 
fornia. 

Spring Meetings 

• May 27-31, 1985, Baltimore, Mary- 
land. Abstracts due early March 1985. 

• May 19-23, 1986, Baltimore, Mary- 
land. 

Regional Meetings 

• Pacific Northwest Regional Meeting, 
September 7-8, 1984, Corvallis, Oregon. 
Abstracts due August 1, 1984; call for pa- 
pers appeared in June 12, 1984 £or. 

• Front Range Branch Hydrology Days, 
April 16-18, 1985. Fori Collins, Colorado. 
Abstracts due December 31, 1984 for pro- 
fessional hydrologists, February 15. 1985 
for students; call for papers appeared in 
July 24, 1984 Eos. 

Chapman Conferences 

• Vertical Crustal Motion: Measurement I 
and Modeling, October 22-26, 1984, 
Harpers Ferry, West Virginia. 

• Solar Wind-Magnetosphere Coupling, 
February 12-15, 1985, Pasadena, Califor- 
nia. Abstracts due November 1, 1984; call 
for papers appeared in July 10, 1984 £«. 

• Ion Acceleration in the Ionosphere 
and Magnet nspheTe, June 3-7, 1985, Bos- 
ton, Massachusetts. 

• Magncmiail Physics, October 28-31, 
1985, Laurel, Maryland. 


Water Policy 
and Research 

September 11-12, 1984 National Water 
Alliance Symposium: Water Policy 1 ‘t ends 
and the Role of Supporting Research, Wash- 
ington. D.C. Sponsor: National Water Alli- 
ance. (National Water Alliance, 50 K St., S.E., 
Washington, lx: 20003, id.; 202-640-0917.) 

The purpose uf the symposium is Lo ex- 
plore the i in plications of research and infor- 
mation for national water policy, and to cul- 
minate the public discussion of the establish- 
ment or water-related research and 
information institutes. Among the topics to 
be discussed are .environ mental issues and 
planning: (he role of water- related research 
and information dissemination; water policy 
trends and research support for rural health 
and development and lor urban health and 
development; and ihe structure of research 
centers and in formutiqh cleari nghaiises. 


Separates 

To Order: The order number can he 
Ion ml at the end of each abstract: use all 
digits when ordering. Only papers with 
order numbers arc available Trout AGU. 
Cost: $3.30 for the first article and $ 1.00 
Tor each additional article in the same or- 
der. Payment must accompany order. De- 
posit accounts available. 

Send \aitr older to: 

American Geophysical Union 
2000 Florida Avenue, N.W, 
Washington, DAL 2(1009 


Aeronomy 

0410 Aeroniny IHososphsrlc Scattering) 

COMP AS I SKI i’F MESOSPHERIC VHP RADAR ECHOES ANT RW.TIT- 
PPJRE ILE(m»-CtlNCr.NrMTIttl MEASUREMENTS 
0. Rdyrwik a ad l. C. Solrh lAareacay Laboratory, 

University of tlltnoU >1 Uibana-Chaavoign, lAOb Wane 
Craan Strati, Urban*, UIIbjIb, 41B01) 

RafraciLva index Irregular It I as In tha equatorial 
nuaoiphire lava been Invaatigatod using bath tha 
J leaner ca VMF radar and a rocket-borne Ungnulr proha 
launched frus fuoro Coboa. Paru. On February 27, 19SJ. 
a alngla layer of turbulence vni chained In tha upper 
usosphsrs by both aapailcaata. Thera la vary goad 
agraeoant baivaan tha obaarved radar sch-> power and the 
radar acatlatlnl croaa notion calculated I coa the 
rocket den when theea err Inter prated la tha context 
of I ro tropic tut talent,. The Inner and outer acnlae 
of turbulanca have lean calculated fra bath tha 
radar and tha rocket data and good agraananr In (ootid, 
the radar data ahow lodtcatlona of largt-ecale vortices 
In tha layer of lrtagularltloa. Racket data allow that 
tin Inner acala nf turholanca In the uppar neooaphata 
la a taw tarn of natati, and that tha Jltanacca radar 
Bragg waveltngtb On) (■ vail within tha viacaua 
■ubraaga of turbulanca In tbla altitude range. Tha 
apactral index in the inerLlal aubrange la close to 
-S/1, ebaaging to about -7 at bight! wave nurbera. 

Energy dissipation rata la tha layat vaa calculated 
to be 0.05 H kg' 1 . In good sgrewnsat with prsvtoun 
•atlas tea. 

j. Geopbpi, van., A, Pasar 4A049B 

0410 Abtorpiion and Scattering of radiation 
OXYGEN AS50RP1I0H CROSS SECTIONS IN THE HERZBERG 
CONTINUUM AND BETVEEN 206 AND 327 K 
H. S. Jobnalon, H. Paige, end F. Vao (Department of 
Cbenlttry, University of California and KiteHaH and 
NolKular Reiearch Dlvlsfen, Lawrence Berkeley 
Laboratory. Berkeley, California W20) 

The ultraviolet Jbwrptlon crust lecttonj for molecu- 
lar orjgan have been daleratned for wavelength! be twain 
205 end 22S no. for teiferaturas botvean 206 and 327 K, 
and at 4 pressure from 100 to 750 Tort. No tamperature 
effeet on tha 0 t croif tact tony was observed In the 
Herzbero continuum. It was necessary to teparato the 
OAtrwaly weak 0, absorption from tha stronger 
col 111 Ion- Induced absorption. These expert menu I data 
and stellar data by others war* interpreted In terms 
of a theoretical expression for the shape of the 
Kbrabero contlnuun absorption spectrin. The 0. 
absorption cross section are in good agreement with 
the values measured In the stratosphere by Herman 
and RenliU [190], (oxygen, crosi-secllini? r“ 

J. Ceophpa. be., D, Paper 4D0993 

Electromagnetics 

0780 Ecillariag 

COREREH7 lUrTROMACHETIC HAVE PROPAGATION THROUGH 

ruimar oiiaiaiiTUi am orichkb pmb-cobmlatid 

DIELECTRIC SCATTRROS 

V.K. Version fUave Ptapagatim Laboratory, Tha 
Pennsylvania Slit* Vnlvaralty, University Park. 

PA 16F02. U.J A. 1 Y.Hi aid Y.V. Varadon 

L'ahettai altonuat ten c*f rlrct rssugatt le wave* 
by rjndral y dlatribuetd and oriented pair-corr«|a- 
ted dlsliclxic (cat reran la atudlad aa a function 
al Iroqulmy and vnlw conecmrii Inn of acallarari. 
Avrragr Irrqooflcy dopgnf.nt dielectric proper! la* 
air alia studied. The result ■ indicate (hat tha 
ntltnuu inn and hcnca chi of fee live propcrtlca 
d lilac tcnnidarablp frna ihnaa of al ignrd acottarora 
Rad 8c I., Paper *80970 
0799 (Central) Hlciwm lH|lng 

PUBPICn RS 1MEB-D1WN9I0HAL PRDJECTIVR AND TMKRAFHIC 
1HWIHG 1ADAR NSIWORU iwmMWMC 


teat taring I . i 

Rod. Bel. . P«P«> 4S0H64 I 

I 

Exploration Geophysics 

rRRRE-DJMIllllOHAL BODIES «H 

LAYERED EARTHS 

Philip E. Waunnnalnr IRarth Science Laboratury, 

Uni vara I rv >f Utah Raaaa.rh loatltut*. 591 C Chipila Way. 

Balt Lake City, UT 8*108) Gerald W. Rohnaun, Stanlav M. 

Tha alac l ronagnoe Ic field* acattertd by a 
three -d (n«na local (5-0) l rb one sane ity la the earth are 
affoctad tcrcngly by boundary chargaa. Boundary charge! 
cauaa nor sal laid electric field nageitudra. and thu« 
tanaor nagnatotallurlc IMT) apparent roaiati vltie*. lo 
rear la anneal out aa fraquaoey approach* a saro. Hovavar, 
then e-firld die tort ion* below certain frequenriaa are 
aeaent tally In-phae* with tha incidaat electric Meld. 
Kireover, noraalieed aacocdary ugnatic Hold *<npl l tudea 
over * body ultinarelv doellna In proportion to the 
plane-wave taped anco of rbe layered boat. It followa that 
tlppor elaneot magnitude, and all HT function phaaaa 
bacon* alniitally affected at low frequencies by an 
Inhomogenalty. , 

Rfltittivity itructur« Id mturi fa a collection iii 
InhDnogoaalt laa of various scales, and th* amall 
structural In tUe coUactlon cea hive KT ratponaaa aa 
strong locally aa those of the large irruccuraa. Ilanee, 
any telluric distortion la ovarlylng saall-acelc 
axtranaoua atrurturo can be suporlnposad to arbitrarily 
law fragutoclaa upon tha apparent railitiviclaa of burled 
eergara- On the ochar hand, the KT reaponaaa of aaall 
and large bad lea Hava frequency dapendenc laa chat are 
jap, rated approx Ini tel y n the aquare of the gaonairlc 
acala factor dietlngulahing the different bodies. 
Therefore, tipper el event nagnitudae a* wall as tha phea* 
of all HT funct Iona dua ta loall-arale axcraneou* 
a true care will be limited ta high frequencies, aa that 
one may through" auch structure with those function! 
to target response* occurring at lowar frequencies. 

About a 1-D conductiva body near tha surfaca, 
incerpratat l era using l-D or 2-D IB modaling routine, of 
tba apparent resistivity and inpadance phaaa Ldsntlflod 
aa tranvacaa alactric (TR) can Imply falsa low 
resistivities at depth. This la because these routines da 
not account for tha affects of boundary chargoi. 
Furthermore, 3-D bodlei in typical layered hoata, with 
layer resistivities that increaaa with dapth in the upper 
lavarat kilometers, are avaa laaa Manabla to 2-D TS 
(ntarpralltlan than are aiailar 3-D bodies In unlfora 
hal f-spacas. Hnwevat , cantcally located profllas actoa* 
gaomatrltally regular, alougata 3-D prirea may b* modeled 
accurately with a 2-0 trenaverem magnetic (TH) algorithm, 
which implicitly laclndsi boundary charge! In Lti 

formulation. In dafiulng apparent resistivity and 
Impadanca phaaa for TH aadeling of auch bodies, wa 
racoaaaod a Head coordinate ayacem derived using 
tippaf-atrlke, calculated at tha fraqaancy for which 
tipper mognltudi due to the iuhooogsnaity of incaraat is 
large ralatlaa to that due to any ui.rby aetraeaomi 
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0920 Kagoitlc and electrical aachoda 

THE BEHAVIOR OP THE APPARENT REBIST1V1TV PHASE SPECTRUM 
IH THE CASE OP A POLARIZABLE PIIIH IH AH UHPOLAR IZABLE 
KALP-EPACE 

He Ik hi Soialnen (The Geological Survey of Flnlaod, 
Oeophyalca Department, SP-02110 Eipoo IS, Finland) 

In tha application of tha broadband Induced 
polarisation method, 1 l la nacaaeary to know haw a 
petrophysical resistivity apace rum La tianafotmad into an 
apparent apactrum measured la the field. Invest (gated In 
tha present work win tbs forming of an apparent epee t rum 
In tha caie of a polatliabla chrie-dimanaVonat prism 
embedded In an unpolar liable half-space for gradient end 
dlpole-dipola array*. Tha computations wars don* 
numerically using rha Inisgral aquation technique. Tha 
frequency dependence of iha resistivity of tha priam wsa 
dopictad by means of tha Cola-Cole dispersion nodal. 

With this staple modal goamatry, Iho phaaa apactra of 
apparent resistivity resemble quits cloaaly In functional 
forn Che original patrophyalcal phaaa apactrum af the 
Cole-Cols dispersion modal. Tha apparent apactra have 
shifted an tha lag-log seal* downward, owing to geometric 
at Eoavat Ion, and toward lowar fraquaocias. 

Th, apparent Cola-Col* parameter! have been inverted 
from t»e apparent spectra. Thu apareor chargaabl It t y la 
generally noticeably mailer, owing to tbs gaoaatric 
attaouat lou, than tha chargaablllty af thm original 
patrophyalcal apactrum. Ttau apparent fraqulnry 
dspaodanro, on tho othor band, la vary claaa Co tha viluo 
of th* original frequancy dapandaaci. Tha nhirt of tha 
apparent phaao opoctrum toward lower frequencies partly 
campanaarei for tha dacraasa in tha apparent tima 
coni taut caua ad by attanuatloo of tha apactrum. Tha 
apparent tins constant la thus close to the crue tine 
constant of the patrophyalcal apactrum. [t <■ therefore 
passible lo principle ta obtain by direct invar a Ion from 
an apparent apaccrimi moaaurod in tho field a rooianablo 
satinets of tho frequancy dependence end time constant of 
rha trns apactrum af a polar I sable body. 
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0920 Magnetic and olactcical mathoda 

THE U*E OP 8UKHART REPRESENTATION POR I LECTR0HACN2T I C 
MODELING 

C. 3. Tarlowskl CCS I B0 DWiaion of Nlnaral Physics, P.t). 
Box 134, North Rydo, H.B.W. 2113, Australia) A. P. 
Haleb*, and H. Kablghiao 

Tha oatbod of auamary raprsaantat Ion davalopad by G. N. 
Poloshll l. a quail -aaalyt leal nathod for aolvlrtg 
uir-idjaliu, flnlU-dlflictnca boundary vilui problo«a 
sxpraaatd an regular naahea. (n principle, tha method 
should allow coos I datable asvlngs In computing time *• 
Jywvod accuracy when compared to eomaonly used 
flnlts-dlfforonca schanaa. Vo havo uaad aunmory 
roprsasniattaa as the basis for a new hybrid schema to 
solve tbs two-dimensional Holmholts equation for 
electromagnet ic modaling. Tha theory behind thin hybrid 
ochsiie ti presented. Preliminary results for tha 
two -dimensional problota show that substantial computing 
tlm* sad storage savings can bo mads, 

GEOPHYSICS, VOL. *9, 80. 9 

0930 Islamic mathoda 

0f SRAL8B A ® 0UT ® ESTIMATION IN THE 

KOHTo BtA BAB LH 

?* C :,Sf2 lk {Cul * R ***««N Oavalopmaot Company, P.0. 
Box 37D48, Bouat aa, TX 77216) 

IE la known that to tha North laa baa In tha doptha to 
major reEltaeoro as datsrnlaad from inrfasa sal sale data 
0,t,n Isrgar than tha wnll-log daptba. Prom a study 
af data iota which cl* 21 volla, 1 found a it tong 
correlatloa bat wean tha occurrsnca of tha dapth atror and 
tha praainea of shalai In tha aubiurfac*. Assuming that 
tha error la cauaad by alllptlcal velocity anisotropy la 
ibalaa, I osaiuctd th. an isotropy from a comparison of 
the wall-log ionic data sad tha Interval valoclty profile 
obtained from tho surfaca Islamic data and also (ram a 
camper lass of tha sal sale depth and tha wnll-log dapth. 
ft wea fonnd that tba tva matbada of aianuramant agree 
with each other and alio agree qualitatively with the 
previous laboratory maaaursmanta of aa lane ropy in shale 
samples. Tha rsiolta itrongly auggaat that the depth 
anomaly in tha North Baa baa In Is cauaad by tho veto* ley 
anisotropy of sholss. A simple method to correct the 
■atomic dapth la givou. 

CBOWYBICS, VOL. 49, NO. 9 

0930 Satanic mathoda 

starting point tho Smerfold-Voyl intearol which*., h. 

Su ^r ,,nB0U ' ‘"ho-OB-nOoo. pl.no 

l ntssr 1 ■■Emptsion of thi. 


N. K., Faikai ptooro School of Bloe^rlcal Englnoarlng, T* ** ' , l W,}}*" • poworful axtap.ion of thi o 

Uni vast Up of Nnnsylvanla, Phi lode Iphli, PA lOlOd), C. L .rein. 1 f pr , 0 '' Uln » dlr«ec dosompoaltfon of an 

W’DfMovy, Psiadas, a 91109), asd i , ■pfcficsl souroa Intc homagaabena sod 

I: i 1 : - s 

lUiiulu or . iludy daoc.itr.tlni the foulblUty of brood taY^ , £S r Sb B, !l!. ,< * n S a P .ii«gS"?S 

bond and ipdtktC-frds mlaetlvg Imajln, of m ilmreri *»>« *•«•«* •d/trsuamlttad " ! 


based om tba ynjactln 
objont lymstirf. an nil 
model tlrcryfl with Mai 


«n-on»iiy«lr. iBp totTtwml ai^ritkn, utiVrV.: 1 ‘i* l"" -4 n»«: )o.Vl« the 

ojociino. allca theoren and Uokledg* Qf [ *. r * , P on M *• the' Incident tran.I.nt 


G41D Finnic B»thuds 

IHE RULE AND APPLICATION OF ENTROPY TERMS pQ| .rffli.v, 
HAVE M'^PEUNi: BY THE MNlTt-DIFFEHEnCS METHOD ST C 

H. A. Oahlnln 1 Hub I I Rcau.irrh and 
C-irporati-m, Dallas R-snr^h Diviaion, P.u j a . 

Dallas, T* 742 U I H , ” 108 . 

The algal ficaiiCD ..f M„tr »py-lito turma is 
within th.i r.'ntcxt .,f the f luxu-dlffarunca modsllt, 
auunstic W IV.' prupmst ivn. Thu crwruil impllcttitni , 
d I Sllpat i vu m.'i I, mi am. ,r, tuslu.l („, pur lormanc* wits!. 
IWU verv J ret met dl ffer.-nc lag slg-.rlthma. Th, 
aclivao* which nr.- raviuwul with And without 4lliU.ru 
aru 111 thu aL-iudard runt r.ll -di (lur«nra i chins an! lx 
the l-vc-W.mdT.'ff two-alwp sch.-mu. Nunurlcal ruault, , 
|,r«*untod cmparlnR lh., ahurl -wavelength rsspani. I! 
ih-iu aiKimrs. In urdur t„ auhluvr this ruaponss >b. 

I inuurlard vvraiun uf an uxpU-Jing Jng-dlnonilanal 
I ■ used . 

■lEOPHYd ICS , Wl.. 49. HO. 9 
0930 Sul ami v- muthuds 

TRAVELTIME AND WAVE? PONT CURVATURE CALCULATIOSS » Torn 
DIMENSIONAL INHOHPCENE'TUS LAYERED MEDIA UITB CVIVta 
INTEtfACEd 

II. Gjoyatdal I NTNV/NORSAR, Post Eos M, N-2007 KJot | ac 
Norway) J, E. Ruiiiliarditn, and B. Uraln 

Tha aailoic ravi and wavafrunt eurvaturai art 
dut or mined by s.ilving a system of nonlinear ordinary 
dii furunt ini equations. For media with constant valtcll; 
and for nod la with constant velocity gradient, slnpllflid 
■ol'jtlona I'alaL, In o gcnoral I nharugonsamt eadlun tkait 
oquaciana must bu reived by numerical approx fmal lost, ika 
Integration of the ray-croc I ng and wavaftost carvatica 
equation* la then performed by o modi Mad dlvlda! 
difference fern of the A d a a a Plci 
(Fredicl-Evilunta-Corrvcc-gvaluato) foroula* and local 
extrapolat Ion, 

The Intorfaca* between tho layori aro ropraiacrtd kt 
bicubic aplinoa. Tho changas In ray diraetiaa aid 
uavofrent curvature at tho intarfacus era cocpvtrd ailai 
■tandard formulas. 

For chroe-d loans tuna) media, two quadratic traviltln 
approaimationa hnve boon propoaod. Both ara band ia a 
Taylor larta* expanalon with rafireaca ta a tap frea . 
reference aourra point to a rufirenra raeilvir petal. 
Tha first appro. Imoi Ion carraaponda to axpandia| |b* 

■ quern root uf the result. The second approilnillai 
corrsoponda to expanding thu travail in* la a Taylsr 
acrlai. 

The two travel Limo approximations may ba aipranad la 
aourca-rocalvar coordinates or In mldpolat-half-offin 
coordinate! . Simplified oaproaslona ar* obtained thi, tii 
roforcace source and receiver coincide, |lvla| 
aero-of fast approximations. For which the rafaraacd ray 
la a normal -Incidence ray. 

A new as c hod {■ proposed for computing tbc laeoai 
derivative* of the normal -I nc idarvea t rival t laa vlik 
raspact to tha sourca-rsrelvsr midpoint coordlnalai, l| 
cooildering s balm of normal -Incldaoco rsya it 1, ilna 
that thi locond-dorlvat I vi matrix may b* fouaJ by 
computing the wavefront curvature along ■ rafaraac, 
norma I -Incidence ray starting at tha re fl action pom 
with the wavafrunt curvature equal to tha curvature »l 
tha reflecting Inrarfaca. From this sacond-dtrivillva 
matrix the normal aoveoul valoclty can ba conpoldd far 
say silsmic Lins through the reference soorcs-racslvii 
midpoint. 

It is also shown how a ravaras wavafronc curvitara 
calculation may bs used. In a t Ima-to-daplk algratlti 
scheme, to compute the curvature of tba reflactlaf 
Interface from (ha eanmatod aacond darivatlsta uf tha 
normal-lec I dance travoltimo. 

Numarical raiulti for dlffsriat thro*-4ln«a*l*«*l 
models Indicate that (he first travolclmt spproilaitloi, 
bleed on sn sxpanalon of tho square uf the iravsltls*. U 
tha most aecurala for shallow redactors and for liaplt 
models. For deeper ref lectors the cwu apptaxloallaii 
give comparable results, and for models with roaplUiu! 
valoclty variations ch* second ippiiilMil** »•) ** 
sllghtlv bettor than tho first one, dspsod lag si 'hi 
particular mudol chosen. 

A simplified treveltlme approx lost ion may ba uaad III 
thraa-dlmanaional aalamlc velocity analysis. Instead of 
estimating rha stacking velocity ana nuai sillmiis (*<•< 
olamanti In a 2 x 2 svnotric matrlc. Tha acevracy lii 
range of validity of tho simplified irattlllal 
approximation aro invoallgatid for dllferaat 
thraa-dimunalonal moduli. 
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Geochemistry 

1 420 Chemistry ul bodies al velar 
N1TEATI RETENTION AND MATKPSHEb ACID SEN81TIYITT 
II ,P. Ilomond fPopt. of Civil Kngl nearing, KaasaeSuaai u 
lnatlLuta oi Tachnulogy, Cnmbrldgu, Haisachvaai ■ 
02139), and K.N , Eahleman . 

Tba affacta of acid dopoaltlon on tha cl., mil IT 
Blchfard Rwaarvalr In control Haeaachuiatts 
awbatantlal lp mltlgatud by nearly completo 
nit rats In tha watarahud. In contrast to 
narthaaatmen U .3 . watsrahuila, at rasa and water 
nltrsts love), aro vmry low Upaq/Utat), and “ > 
acid pulma* hoe accompanied spring runoff l» * 
of study. Hnjar dlfrsrancus In nlirogaa proca>a> a 
among narthaastarn li.S. weturshads appaat w .. aciilc 
significantly ilcur watarahsd suacaptlbliuy > >(1 

dapaaUtan, and may be uf coaparabla lwort*« 
depth and nlnuralagy In tho ldanllflcalton ■>■ 
acid-wins I Live acosyatow, 

tfator lasour. Rna, , Paper 4U0B6O 

I4W CHN1KHISTNI , r t -n,-r.il ,.r alncvl l.mecu* . mc , L 
MICRATfON OF RADIIMUU.IIlFS IN FlNMHiKII POCk: 

.SOUinuNN n»R INK CAhK UF ■ l INSTANT MNWX SfEBbin 
A. Rmmiuii.in (Ih'imri muriL of IktsUil KnglniS' 

I nail tula* uf 1 l-< lini'l.igv , H-lisi 4* Stuckholm. , 

An on/ilyl I, ul wilml l-in In ilurl»u<1 lur l h * rot g 
rndlunurll.il. .atKnilliui In fliwn.rcd ruth. w " ar - .. 
Morkn oi u w.ilol lod im sphilH. Tin. nolutl** “ . >m 

Iron n pruvltiu.i u.v. mainly In ilio in lot .^—yc* 

i lull, Iii ihu iiruxt-ni |.n|icr Lho tnBO of const 
•LrnngLh In iru.ilod Inoion.l uf n decaying t*P 
Tlio awlutiun dcrolnpud boro la “nsIdwrAblJ 
piox. rrouasana thui nro necouniod for •r* “ j 
and loagltudlnul dlaporrtl.in in tha MniiitMi 
and ioternnl dlfruxlon Into ephorlrel rock *» 

Borptlon twilu tha flasuro «urf«co« and sorpi 
lho matrix nnd rodJoncllvu decay. infill'* 

Thm solution la obmlnod lo tho form of * 10B - 

single iotogrul doppndlng In gnnorul ® n ,l, | 
lies pa maw I ore. Tho aLoody-atmto solution 
five dlmunslonloM quontltioB. j, g for < 

A comparison with previously puhli*Md r*su tJl|l 
system of parallel fractures Is mads, It i* 

If tho nron-Lir-valumo rotlo of tbs slobs 

rlcal rotk blacks Is the hsiso, Identical W _ 

turvos aro produced fur short and long eon |g v lr | (l | 

In tha intoroodlato rungo the sulutlon bU** 1 

rock blocks will give oarllsr breskthr«HN 
stsady-Btato eoncentrstloos. It Is shown 
Iptlcsl solution for parallel frscturss, P aa 

given aa an lnMaUe double Integral, nap ___| ua tlen 
an Infinite single Intogrsl. Tho nossricsi 
1 b thereby considerably simplified. _ d*a«lt dl»- 
Exomplsa dewuistrate Lhm Impact of hydro 7 lr#ir 
poralon and water transport time on radios^ fesoet- 
port, in al tuatlona considered to bo raoii* ^ 
tory condlclooa. lAnatycleal aolution, r 
transport, matrix diffusion, constant sou 
Water Resour, Res. , Pep nr 4MD826 

Geodesy and Gravity 

19M) Rot sc tonal Variations - miUL 

TIDAL TERMS U UNIVERSAL TIHRi 6FFKIB 01 
HINDS AND MANTLE AMELASTICITY . - 

I.B. Hart I on (Dapsrcmanc of Earth 
Hamorlal Unlvsralty of Nawfotmdlsnd, S 1 ’ 
Hsufoundland, All 3R7) , and 

Tha ions I response coefficient * la •* || f I , ■ 

sues Improvomentt In Its determination « lM 

Firstly, tho reproseeslnl of the BI" , n 

1980 IAU nutetlofl asrlea la lowild E* .«•“>* |ifW ' 
Improved aatlmataa of w . Hacondlyi ■ ‘ . (good 

of tba angular momentum of tba fBwy***J * 
to have power In tba tidal bands and )* .; 

domociLrered that, removing thm etmoepnec . lif 
Influence from the cotptlon data lanw. _f t *o« 
time CM of c . The ffaquaaej depaodeoo^ . 
to Units dl nalpatlan In the Earth lls j t 

tha observations are aubioi(uanrly-'.a“*™ f 0 nrla* 

Ibq a I lovable mud* la of dipalpM‘P°-' ‘ . . 

with frequancy o|, w Q ' P® tbaa lbe »■ t |/j . 

H teres fn UT pi sob so upper- boi^.ot P^ >H1 
o* a. finally, dyoaalc aoosir- tld* d* 11 

.'-'q lulled Audit Ja tonaludsd thst^he ro"* |j|brl#° 
c exact distinguish batwosn .ch*H f . * - 

. J. Ooopbya. Res'. , j|, papsr *1088) - » .,■ 
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Plate Reconstruction 
From Paleozoic 
Paleomagnetlsm (1984) 

Geodynamics Series Volume 12 

R. Van der Voo, C, R. Scoteie. 

and N. Bonhommet, Editors 

136 pages • hardbound • Illustrations • 

ISBN 0-87590-313-4 $20 

The eleven papers In this book detail a state- 
of-the-art account of Paleozoic paleomagnetlsm 
studies. This Is the first volume In the series of 
progress reports on the work and research of 
the international Uthosphere Program. 

Climate Processes and 
Climate Sensitivity ( 1984 ) 

Geophysical Monograph Series Volume 29 
Maurice Ewing Volume 5 

J. E. Hansen and T, Takahashl, Editors 
336 pages • hardbound ■ Illustrations • 
ISBN 0-87590-404-1 $28 

Throughout the fourth biennial Maurice Ewing 
symposium, primary attention was given to 
engendering an understanding of basic climate 
mechanisms. The unifying emphasis of the sym- 
posium — - and this ensuing proceeding volume 
— was a focus on climate feedback processes 
within a broad range of rime scales. The 30 
scientific papers are organized Into the con- 
ventional divisions of atmosphere, ocean, and 
cryosphere; each section Is bound together 
by the feedback process. 

Groundwater Transport: 
Handbook of Mathematical 
Models (1984) 

Water Resources Monograph Series 10 
I. Javandel, C. Doughty, and 
C. F. Tseng, Editors 

240 pages • hardbound • Illustrations • 
ISBN 0-87590-303-4 $16 

Written In a clear style, this work reviews, 
selects, and demonstrates the best and most 


practical mathematical models to predict the 
extent of groundwater subsurface contamina- 
tion. Primary emphasis Is given to the use of 
simple formulas and comprehensive tables, re- 
sulting In a readily usable guide in the field. 

Magnetic Reconnection 
In Space and Laboratory 
Plasmas (1984) 

Geophysical Monograph Series Volume 30 
E. Hones, Jr.. Editor 
408 pages • hardbound • Illustrations • 
ISBN 0-87590-05B-5 $33 

Based on the 1983 AGU Chapman Conference 
on Magnetic Reconnection, this volume offers 
a thorough examination of the subject area. 
A strong balance Is made between review 
papers, those which describe basic principles, 
and papers on recent theoretical and observa- 
tional advances. Of special Interest are major 
new magnetospheric observations made by the 
ISEE 3 satellite. A question and answer session 
held during the Chapman Conference as well 
as an appraisal session are included In the last 
section of the book. 

Advances in Ge odesy (1984 ) 

Reprint Volume available 5 EPTEmbei[ 

E. W. Grafarend and R. H. Rapp, Editors 
320 pages • hardbound ■ Illustrations • 
ISBN 0-87590-235-9 $23 

From papers previously published In AGU s 
prestigious journal. Reviews of Geophysics 
and Space Physics, this volume is a collection 
of 30 papers which are sharply focused on 
recent advances In solving geodetic problems. 
The papers are divided Into four sections: Geo- 
detic Theory. Geodetic Estimation Procedures, 
Gravity Field, and Applications. 

30% discount to AGU members 


Geomagnetism and 
Paleomagnetlsm 

2560 Tins vet it tiros , polr-Ymegivitlsm 
nCTOlllC ROTATIONS WITHIN THE RIO GRAND!. RIFT: 

EVIDENCE PSOH PALFOHWNKTIC STUDIES 

Lisrlr L. Brown 'Dopt. of neology and iluORrupliV, Jnlv. 

®f Hsiischuaotts, Amharet. MA OlllOll and MaicLuw P. 
Ooloakvl 

PsLioaog quite studio on Hlocetiu-Pl locuns volcanic 
rotkn from chu Esparto l a ban In ol ihs Rio Or an Jo rift, 

E«v Mexico, rovral directions discordant Prom tha 
opsetmd moan direct lor. for North America. The Pol Ira 
Einyon PorenEtoi,, Tsd: 1 corns Formation sod L’>l>alo Bareli , 
ell ssopled In cha Isaac Mountains vest of the Pujarlto 
fsull aona, have mssn declination! *nni of the u/poctsd 
reen. Tho Cerros dsl Rio volcanic! , lying aust of rha 
Fs)srlio fault loan, have a motor ly declination. 

Ccxklsad with pub It shod data on the Santo Fa I'-roap 
•tdlresrs Bast of tho fault rone, and cha Vallaa 
•Fpullln, wear of cha fault sono. distinct rotor tons 
of cha two areas ara evident. Tho woucurn block has 
ratsiad clockwUo 12’, whJlo tho aasiarn blocl shown 
Ik of couBtar-clockwIso notion. Differential rota- 
tions or 2J*-30* aro calculatod batvaan tho two blocks | 

* /o.v. Is tha nlntnuo diffaronllsl rotation for tho 
P**t 5 He. Gaolaglc explanations for thsoa rotations 
lneluds tha opening of tho Rio Grande rift In roapoaao 
re claekvtsa rotation of tho Colorado Platoau and 
■iRMfirant lafr slip along tha Hto Grande rift, 
use toxica, rotations, Rio Cranda rift) 

J. Csopbyi. Isa. , B, Taper 4B09H 

1599 Gsnirtl I vert leal Indicators of drsdaod basalts) 

W CURAT ION VESICLES ON OCEAN FLnns BASALTS I III. 

Bldosu (Csntrs neBsnologlquv do Brotop.no, BP 1)7, 

1927) licit Codex, Franca), P. Provvt and A. local II*. 

PUIov-Uva aanplsi drodqtd Iron tho rift valley of 
IF* Atlantic Rldpa (FAMOUS area) nr* or touted according 
l* thalr cooling nos U Inn on cha ana floor (vertical) by 
ll| a Mitigation vaalcli technique (Bldaau at al.. 1927). 
IF* scarisrlng of date Is discussed In tarn of etstl*- 
llte end pstraloglcel obeurvsLIon. Criteria fot e*lec- 
l'n» settabla eaaplae are nresentod. The use of esgre- 
)*tlon vesicles as Indicators of the vertical orlanta- 
tlos of chi recks st the tins of bs*net liatlon Is crl- 
tloaliy reconsidered, (aagnatle Inclination, olllaw- 
‘svas, orientation of lava flows). 

*■ C*ophye. Res. , g, p B p ar 4BMB5 


flood ayitie. It li than auggsstuJ how thsai findings 
can bs uaad as sn sld In tho planning and operation ol 
structural Mood control s/xcao.1. A practical (xanplo 
la glvon with ounsilcal tesulls that aru Inpoaslblo to 
obtain without tha ui* of the theoretical (ladings oo 
control Lot ll ity. 

Uamr Ru|.. u r. Sum.. Paper 41WH 

3199 Gar, crel (Interactive Hodallng) 

INTERACTIVE DATA MANAGEMENT FOR RESOURCE PLANNING AND 
ANALYSIS 

D.P. Laud a (School of Civil and Environmental 
Engineering, Cornell University, Ithaca, Nsw Tor! 

MM3). H.R. Taylor and P.N. French 
Slnco thu T.t<J- 1970 ' -k . a cf 

*t Cornell University have focused on the levelepatM 
and application of Interactive rode Is and computer 
programs for studying water resources and environmental 
management problems. These nodeTs end programs have 
been adapted for us# with computer graph lea display 
devices. This Interactive conputer-aldad planning 
system has boon designed to facilitate data Input, 
editing and display) modal building and solution) and 
analysis and synthasls of alternative resource manage- 
ment plans or policies. This psp»r discusses the 
approaches taken for managing and displaying data that 
ara naeded for. and derived from, this Interactive 
modeling system. Several applications are presented 
and seme conclusions on how such systems might be 
developed or expanded in the future are proposed. 

Hater Raiour. Rea,, Pap*r 4W0978 

3199 (Interactive Modeling) 

A MODULAR INTERACTIVE SIMULATION SYSTEM FOR 
EUTROPHICATION AND REGIONAL DEVELOPMENT 
Kurt Fadra (International Institute For Applied Systems 
Analysis, Laxsnburg, Austria) 

An Interactive, pollcy-orlanted simulation and Infor- 
mation ayitan Including videographics Is Introduced. 

Tha system la designed as t tool for learning about 
large, complex, regional environmental ays teas. A 
high dogree of flexibility Is achieved through tha use 
of simple modules, describing elements of the system at 
various levels of detail and resolution. Background In- 
form tlon from a historical database drives the default 
evolution of the system. Alternative courses of action 
can ba sloiUted at various hierarchical levels of 
management or policymaking. An Interactive, dialogue- 
oriented. usar-lnterfece controls the simulations and 
tha display of results. Including vldiographlqs vrfth 
geographical or statistical Informs tlon. thB approach 
Is discussed In terms oT a pilot application project, 
dealing with a lake/watershed system having conflicts 
between water quality and regional development goels. 

Hat or RefOnV. R»a, Pepsr 4V0974 


Hydrology 

Moisture 

l,'* 1 ™ ESTIMATION OP HYDRAULIC CONDUCTIVITY USJN0 
SWIIHED HETB0DS 

*• J . Jossi ana g, j. Uagenar (Depsrtmaoc ol Agronomy , 

vorxill Gnlvsrslty, Uhaca, NY, I4BS3) 
rsi.T! stwpll flsd mathoda of astloaclng ebs 
■jailonsblp batwaan hydraulta coadueelvlty IE) and 
,r contone (B) wars coaparad. Redistribution 

M ** r tallowing caaatanc rats lorn trat loo (acaady 
"oultorad for a ran day period ac 100 
• am! 111 aavon dapeha at aeeh location within 

‘ , ■ fallow sandy lore flald. All ataplltlod 

. , **au«ad g unit bydraulle gradlant during 

y '““•llaa and an aypaaantlal ralatleeihlp batvaan 

cJZJ lh ' tor, K(e) u Ro tip 18(0 - 8 . 11 . Wear 

•ai^j 4,e * u,4d ta calculate Kg and 0 by each 

, * * c *«h dspeh and locadon. goll-watar flax 

,,tl “«tad for as l at tad dapth* uiiog appropriate 
I, variance values of K_ and B for the flald. 

v . , ' ,aani that •■tlaatlon af tha degree of ipatlal 

B*th«j lW Mil-water [lux Is dap*nd*nt upon the 
exit , , M V d lo character l»a cha Rfe) ralatlooahlp 
(it ! ' l ™ and variance of tha flu* are b*lng 
■* *hort etnas following ataady atata, 
for condition!. Eatlnaca of th* flus 

of e, “** *■ noe Aroatlr Influanoad by oholco 

h Thl xpatlel dapandoneo of Kfe) p*i»iured 

•7 U.„ ntl,. dl i, ,i ia dlxcuaaad. 

■r Ratour. Raa. , paper 4U0910 

ThahnlquM) 

^TTIB HlTn I nj 0SDIT,<ara RESERVOIR FLOOD CONTROL . 

So, ttfSMiXSm 

laaaarch 'S* ntt * ^ at Statlatlea add OsoraLlant 
A mu.' f?’ pnlvaralty of Bruaiaia, Bruasals, Balglum) 
the nar,.L® , rat leal reaulta are prewancad coqearqfng 
Rtltti . Mfflo lone Conditions under vbfsh chare 

l 7*trs tn ■ — ihi-reearvblc flood control 
flood In, dot (ruin lxt In lot lows, au«h that; no 

*lra»x, «,.“*■ •* ■ fTpod damxga eantar Bitoatod down- 
» vary *ln n i eo « roll ability candle Ian* havo 

■Htsai, *otw for a large variety of aultlraaarvalr 
reay Can ba reduced ta th* sx II) tunes of a po- 
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3199 Garoral (Into: act I vo Kodelinq) 

IHTEHAtTIVE COMPUTER MODELING FOR POLICY ANALYSIS, THE 
FLOOD HAZARD PS0DLIH 

Howard Funrcuther an>l Louis Hiller (Departircnt ol 
Dae is Ion Sc lento* , Tha Hharlon School University of 
Pennsylvania. Philadelphia. PA igidd) 

This paper discusses an Interactive node ling systcr, 
to support policy analysis for .iaallng with flood 
ha/aids. Pul lev analysis in this area is corplo- due 
to numerous slaleholders with varying concerns, Ihe 
variety of scenarios that miqht be considered, and 
altematl.e policy options. These conditions require 
that a model Ina system be flo-lble and support users 
in a variety of ways. The system should be viewed as 
a d*C 1*. Inn aM rxthnr than l burden. The rodeTIng 
• <‘.v ■’>. .ti.-: • •.!•.. Hi-t 

these 'jvals for ncioanglytlc rod* Is mat dual with 
sanplas of homeowners In a flood -prone .;onrxinlly. 

Merer Rasout. Pen., Paper lU(i»7n 

3199 General ( Interact iv* Modal I ng) 

INTERACT IVC CDHPUTER MODELING. MONITORING AND CONTROL 
OF MELBOURNE'S HATER SUPPLY SYSTEM 
G.O. Cosfrlff, P.E. Forte, K.A. Kennedy, J.V. Russel T, 
P.D. Smith, and A.K. West (Kel bourne and Metropolitan 
Board of Horks, MaTboune, Victoria, Australia) 

This paper describe* tha application of a network 
rode I to Melbourne's water supply systw, including 
tha Implementation or telacmterlng and corputcr 
graphics techniques. E*ampla« demonstrating me 
application of color graph lea to different parts of 
tna system are given together with a discussion of 
the present Inters rated model ino, operation and 
telemetry capability. The model* will be canttnuilly 
modified end leproved as bath new systms are added 
to Melbourne's water supply system and greater know- 
ledge of tha existing systea is gained. 

The Implementation and use oT the 24-hour network 
slculation program by the Eoird hat already resulted 
In a current savings In axcait of {3D million. This 
la more than 6 times the total cost of the nodal Ina 
gnd telemetry system. Future benefits are expected 
to add to this savings. 

Hater Rax our. Rob., Pepsr 4110)73 


Meteorology 


I^RWTIVE'cWP^^CHNSflnv'^R PIAWUN6 AND POLICY 

Kurt^edral International Institute for Applied Systems 
Analysis, Laxenbura, Austria), D. P. Loucks 
This paper speculates on the potential Impacts of our 
Incraislng access to And use of coapoter technology and 
conpKinlcBtlon, especially with respect to planning and 
policy making. The focus of the discussion is on tha 
interaction between the users of this expanding tech- 
nology, and the technology Itseir. Those Involved In 
Its development, whether It be tha hardware or “Tt- 
ware of this Uchnologyi aro In a position to make sub- 
stantl&l contributions toward a rora effective use of 
the models, and their data bases, btf planners and policy 
analysts. Specific features of the technology and of 
anvlronnencai planning end policy making P«ceK« 
Minlrnd to Identify where and how interactive co^xiter- 
based andels and associated htrdpare can best sarvn . 
Individuals, thslr organizations or Institution*. 
Finally, thi nacossary renditions for the suceanTwl 
Inplerantatlun of. such tools and methods are identified. 

Hater Roaour. R*«*i ?a P sr 4' ,0WS 

«« "KL USE:' AH 

n^LouckA (School of Civil end Envlrowantal 

W< Uatverslty, Ithaca. KM York), 

J ™lr , l^v5S d »En1lrtred«it1o. for the following 
cussed. , i. • 


NO HEAStmOffmi IH CLEAN CONTINENTAL AM AND Am VS IS 
OF^fHE CONIWBUTIMC HETEOROLD'JY 

H.J. Bollinger, C.J. Hahn, D.D. Parrish, P.C. Murphy, 
D.L. Albritton and P.C. Fahianfald (Aarmoay laboratory. 
National Dcsaale and Atxoapharlc Adulnlitracion, 

Boaldar, CO, 80103) 

Kaaaurtaeata hava been aids of NO (NO + NO.) at a 
■Its loesud Is tba Colorado noun tains. Thssl csssara- 
usnu rsvsxltd partods of axcapt tonally low NO nixing 
ratio*. Daring thsia epludsa tha l» nixing Patio 
dropped below 20 parte par trillon by volm* for axtand- 
ad parladi. Thane eplaxdai ate characterful by synap- 
tic nataara logical conditions In which air tranaponad 
ta this nits la iso Is tod frns contamination by grouni- 
laval nnutcrx of N0 S . 

J. Geapbpa. Ian., D, Papnr ADOS 71 

3720 Cllnstology 

SONS ASPECTS OF THB IHTEIANNUAL VARIATION OP KEAN 
MONTHLY SEA UVtL P MS SURE M ME 80OTHZU NEHI8PIIEBE 
Rtngla* c, Ho (K/A cm Signs Dxt* Service Cbtp. , Goddard 
Spies Flight Captsr, NASA Drsanbalt, HD 20771), Harry 
van Loon (Hittanal Cunts r far AMoipfaacle Itxaarch, 
Bouldsr, CO, 60307) 

' H* ealeulxts ihs xaiaanal changes which ar* largalp 
•■■eclated with tha half yearly wavs, autocorrelation 
fonetlanx, and tha naan planetary wavs* ta the Monthly 
mss sea level pressure froa two data sour cox. Oa* 
oaygrx tha par lod (ran 1991 t« 19SB (ran lb* South 
African Utather Bateau, and the other cover* tha period 
froa 1972 to 1980 froa tba Aaatrellon Bureau af Mstior- 
alagy. Thirty pure of data froa Italians near tha 
Southern Hreiepbera ara uaad to aaat'st thx reliability 
of tba difference* batwaan thn tun padad* which th* 
gdd-point data show. 

Thati difference* are atpaclatlp larga over the 
Atlantic Octal and tha Pacific Oeaaa. iha Italian dal* 
eoflflra tha changes batwaan lh* two parloda and thu* 
tha obaarvad dlffarncaa ta tha naan vavaa.'whLch are 
aapaciatly larga far waxa Busbar threw, 

J. Osophys. Raa., D, Paper U0142 

3746 Gravity wivas, Tides, and Cwuresslontl wavt* 

LONG PERIOD VARIATIONS IN THE SOLAR SEMIDIURNAL 
ATMOSPHERIC TIDE 

Levin Haul lion (Ospartmant of Oceanography, 

University af British Columbia, Vancouver, B.C.. 

Cauda V6T IMS); Rolando R. Garcia (hat low I Canter 
for Atmospheric Research*. P.0, Sox 3000, Boulder, CO 
80307) 

A sevmly-nlne year record (1066-1944) of hourly 
- surfice pressure observations at BaUvta (G.Z’S. 

:1QS.B'E) was analyzed to detect systemic long 
period variations in the solar semidiurnal barometric 


osc Mia lion IC; (p) ) ■ Evidence was found for e quasi- 
biennial ascMlatiun (0B0) in 6](p) throughout the 
latter half of the record (I9Q6-I944). ThK Is 
attributed to thu effect of the f wilier QEO of the 
tropical stratospheric mean winds and tenparatures on 
the solar semidiurnal tld*. The results thus suggest 
that the stratospheric QP 0 itself has been proceeding 
in something 1 1 lo its present form sinew at least the 
beginning of the twentieth century. 

Soma theoretical calculations were pet formed of the 
ehango expected In S»(p) belt, ten the m Irina* and 
maximum In the sunspot cycle employing different 
published estimates of the solar ultraviolet flu* 
variability. It is clear fren the present Sj(p) 
observations lhaL, If there is any rooul ar eleven 
year cycle In the solar ultraviolet flux at wavo- 
lengths >200 na, than It rust be much smaller than 
some of the published estimates based on direct flue 
measurements. However, for periods around two 
Individual sunspot nlnlma (1667 end 1913) there are 
changas In the Aatavla S>(p) consistent with a large 
drop In solar ultraviolet output. 

J. Oaxplefs. R*». , D, Fapor 4D099Z 
3780 Storms IKil(irgligv) 

LIGBThlNT. FHUOHEHDLDGy' TH THE TAMPA BAY ARKA 

b. V. TdcVIuo (Daparraunt rf Elat t rlcal Engineering, 

UnlvoreUy of Florida, raJnssvflla, Florid*. 12611), 

H. A, Vain and C. E. Hllcox, Jr., 

A lightning locating lyitia ooplaylng cwu wldabsn), 
gated aignollr dtrcctSoD-flndara won u*od to study Lho 
ucgetlvo cloud-to-groiind lightning In H] atoms which 
occurred an sight day a during August. 1979, In the Tacpa 
Bay Area of Florida. Ths (tare* wots clniiiriel a* 1) 
single-peal stoma, spatially Itolotrd gr.np(ng* of 
lightning whoso cloul-tD-greund flnwhlng rnta vs. tin* 
carves exMlltad a single prftV | 2) irult Iple-prak uxru, 
■pat lull v laalatod grauplnjiB of lightning with ciltlpl*- 
pnxk 1 1 ash Log rotes | anil 3) stora ayatcan, two ar onrs 
rslatnd alngla-panL and/or milt Iplw-posk atxraa. Tho 
(ol lowing pxrxoetars ara given (or wlngla-paak a Loras, 
cult Iplo-pesV stDTas, and atom ayatansi durntlcm, aroa 
ntobor of grcuiod rinahas, swan ground flnnh dennlLV, 
otan ground Mushing jots, and rviKtcuri ground flashing 
rata averaged aver a I lvw-tilmito Interval. Graund- 
flnxh counts ara corrected for tho local ion- aval m de- 
tection efficiency vlilcb varied rtm about 79 parcant 
at close rungs to about 99 percent nt 100 to 190 km. 

Tha D*un duration of abigle-pral atoms, nultlpla-puak 
Blorns, And atom aval Ms wan 41. 77, .md 130 mLiutoa, 
raepact Ivirlvi ihe noun area 103, 39b, And 9Tnl aqiura 
kl]cncrar», rnspartivulv; and Ll.o rwnn nuebor uf IlghL- 
nlng flaahru ta ground 71, 270, nnd RR7, ruftpact Lvol v. 
Tha Bonn ground flash dsnilty for ulnglv-rank stoma, 
nuLtlfls-poAk alcicxia, and atom Byntene unit tA a lO - *, 

It x Uf *, nn.l ). I x 1(1*7 b" 1 sin" 1 , rcnrwCt luel wt ini 
Iha M.-ia grounJ flnnh In* rai* 1.7, 3.4, and A. A nln” 1 , 
rsapret lvol*. Thn I, (ghost bixIhsi gmieJ flashing 
r.ito avnragad aver j flvv-ainutu Inlcrvnl for xl L 
Blngls-piinL Htoms, ruI I Ipl p-poaV etorau, .nid utnrn 
avau-nn v.ia 17, 22. and 32 sin"', Tcsprctlvuly, while 
(Im nran of tho aixlr.un flanlilnq ral.'ft was 3.7, 7.3 and 
14 nln” 1 , respsci Ivel v . Tim relation between i,t„m 
dural laa Ln BlnuKow, D, and number of gro>i,»1 (IjuIil-i, 

N , far alnglo and xul t Ipl v-pcnV aiuira tna bo dnn^rlhcd 

lb log,j h b - n.niiD + 1 . 2 . 

J. Gaophva. Run. , D, Popsr IDC999 
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*?I'S Hwundurv layyr arid tv h.inge proc ff 4,,t 
MflJHlOh Dl'S If/: SIFF7 I'ART li iV*«AX|g.,Vi 
BI11.FMI MrpF.v r KE Ar il n»r Fir? AW) ?,VCFI I IT) 

TSIlllATfS 

C. Cant l»r 1 1.'., 1 ll.o nln bpaev InilUuL.,, 

■1ctll>pH Invllullvn ,.f iM-.wi.igr.irhv. L'al-.vrtl 1 1 
af ••-ll irornla 5 .id plug,', I.I 1n|l„, < A )Jfl« U 
Y. E. baiiiar^i 

farrurUnn t-etuui-n nr.iuurtr.inta ,>r Ina.iitlon 
*(.-r l-> r .mr-T.-tl-rx r.-uJll«.l .-n Mhl|.i, .ml a«rloiIc-« 
irvr, hju-lllic vinblv rvj.uri-vnn during t|KF- 
•’rv prvs.ntcJ. i„ g, u.-r.i] , l..r h,ih hwirl mJ 
do II' Insvlailon Wolm-ft, lho uvrp.tr tw-ul U qulro 
favi-rjbl*. Th* r-.| r k ,m yqaira 'r.m.*.» 

•llffsrvnuii htiwa-t-n t>>v cw.. rcjturv-ani u -i a.ii Iv 
lnaal.it U-n j.,v d- ul IJ uiitta r-2. I ran a 
duixllij anjI.-Hlu of E|„I v-rrera III.! rv.m.ir. :..nt 
dlacrsparr lay , I c u na YounA thui .■ Ijrgu purr 
->f the dfffcroniL- l.atwwa thu «VM r«l Injio vi 
Innalatloo could bo due ta InufcuracUa III Elio 
surfaca cwHJuracsnta, Int.-rpalat len Juries 
. ' r I .. J- 'f ri'ln I .m 1 .H; - -i l 

■ ,■ ii I % ii.iiuvon (lev- ivc-rjg. : 1 1 -i l ,i 1-.-, 

'.lines ov. r p-rl-jlw of .tb- -m in dava jr.l 
United Him 1st leal <n.i|-.*ia of ih* p>tjuw- 
ratrlc tire ••riot *uxg«tt that, na that tier 
•cals, die *. curocr ol iho sacoMIt,- esrln.iiv-x 
1* af dm order of i waiLt d- 2. I.irge-xvilv- 
InsvUtlun field* durlvud fres jotvlllto 
during 9Tb El will b« prexenved In tho 
companion pjpsr ICaurlar and Hnusv , 19-311. 

J. Cosphya. Rsr . , D, Taper 4U9/9I 
4111 (Island WaVea) 

1 SLANT' WAITS IH SHALLOW COASTAL WATERS 
E. Wjlsna) i 'Australian Inadtuta oP Marina He I so re, 
Townsville, gusaatland 4810, Auscrallal, J. Ichsrgrr 
and N.L- Baron 

Bartray Taland. north-oast Australia, l* 1.9 lo long, 
300 □ wide and lias In well olxod water xpprat leal sly 
29 n deep. Its long axle la Incllnad at abour (0 Inin 
tha direction of tha doolnunr aeol— liurnal tidal current. 
Tba lsngtli of iho vaho In the lea of tha Is lied, a* 
decucaated by serial photographs and ■stallcl* loxgary, 
appears to equal that of the wake behind a flat plate in 
a tvj-d leans! real flow at a Reynolds atebnr »f about 10. 
However, currant metering, drogues Dassurarenc ul 
taeparatura capping lndlcsi* wake velocities cuch greater 
than would be ronslsteut with such e elepl* low Reyns Ida 
nuebar t»d*l. Further, altlnstss of the turbulent add/ 
coefficient aasgait an affactlvi Boynolds nuebsr In tho 
vicinity of 10 3 . To reconcile theao obsarvatlnsiMl 
dlffarancaa and to explain th* obaemd upwLllng In tba 
cor* al rha vika on Ekmn pucqplng cods l la propoaad. It 
Is past a 1 a tad that the Eksam benthic hoindaty layer 
driven by ro Let Ire ln thi woks allows tha vertical 
xortlcity iDcradvitad Into tha water at the tip of tha 
Island at th* paint af separation, to bs nsgatad by tha 
vortlaity of opposite nl^ Introduced at tbs hotroo. 
Further, It is shown that a large fraction of thu 
kinetic amargv of ths upstraan flow facing tba Inland 
la uaad to drive tha wake a tidies leading to the 
rone lux tons that ths trip ping of water In ths Is* of 
Islxnds greatly Increases head Insane rsi ronttsantnl 
ahalvas with nuns rone Islands, coni reefs and reck 
rate rope. 

J. Geophys. Raa. , C, Fops* 4CDB59 
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ON THE ELECTROMAGNETIC FIELDS INDUCED BV OCEANIC 
IMERNAL WAVES 

Alan D. Chi’* llnrltule of O«opb)w and Planetary Phjttcs, Sctlppi 
Inulluilon U Ocasnflgnpfcy, Univenllp of Cal if ran lx. Sm [Vgo) 

Modal iperan for Ihe ckvlrlc tod nugneiic Mdi indue ad by onank 
inienul wavti m obtained by combmeg Grr*n funflixdi Mludora u ihe 
two elNKonugatUc rrodil cquukan isiih die Oxntu-Murk Mnonuik 
docilpuoii of iha hiiemil »*v* Held The pokfdi) nupicik mod* it 
donrinul al fYxqutndn above )/, utnie / It tb* Mol Corlolli he- 
qutrq, and xaH and muiiul Indue il cm art rut impoitui ore* ihlt txnge- 
TJn iproku mignoik mode it tnucMlngly Imponam n O&iwouiu below 
3/ sad « ictwiiv* To iha corvlutihiij Mrucmre bofcw ihe uilkMr for 
neaMnorua] frCqucndct. The moored dearie field U ibowh to ba lngdy 
a mtaxur* of flic load velocity Odd M high frapiaadea. Ths varrtod 
dtcidc IWd li Kiulilva m ilia korlnntil vclodiy Bttd, whit* iu borium- 
ul elemric AeU pHrrurtp relict li Ihe rental vdDdty Add *nl li quha 
uadi *i iha lesoanh ami M-dr laittficci. lh* im incite kid 1* i men- 
un of iha ipdiady iitragM vdodiy fafd and h dsaiiancd bp iha 
pdotdd nugTHlc mode raaciraiagNtM buvindarp «Bccts reduce ih* 
hortranul nwxKtk t pact rum by toJu *i lb* mj Hoar and m uafica. 
Al ihe taafloex aid tcs strfwcc. tuiinal wavadiidiKsd rubmiIc AtMi ue 
Mihin an otdei of magnlNd* of ihcfr ouerntly injured coualerpant, 
•Ul* is iha oeaan'* InUriar Intomal wives aia probably Iba liigm oourre 
of mqnMlc afgndi in Iha peittd nog* one day to one bowr. Tha Internal 
wm-tfdiKCd rietirft (tad is mi mcoMiabi* euopl in ihe vttital «». 
poncni. 

J. Geophys, Raa., C, Fnpar 4C0893 
4745 Tldu ' 

R 8IWLE MODEL OF THE RELATIIM GETtCEJJ TIDAL. DUALITY 
8M0 DISSIPATION 

Gaorga M. Plitioon iDspartnant of tna EacphrSIcal 
Sctancas, UnlreraltY of OActqa, Chicago it. 404171 
Ihe. poraaatrie rslaklin BakHMn output quality and 
dlinpitlon in a Onu-dlnanaionti. ocean mi U> radiative 
duel pat ion n nan ta be qualltatlwoty and . quuif l m- 
tivaly ot>IIar to tho rslakton dsmivod nuarrlcxl ly by; 
■ynlhstin gf tno tqrlo-ocoan lido <roo norm! ootfoo. 

Tho rtlatlon lAdicafoa that tho aqulvalonl HCIllatw 
In noor rosoionco ok I to funda>r«lal fraqumty. - . 
ITidia, tidal dissipation!, 

J. Gmphyo. Ban, c, Paper 4C1DD4 






